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IMPROVED HEAT SHOCK PROTEIN-BASED 
VACCINES AND IMMUNOTHERAPIES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 119(e) to provisional 
5 applications serial no. 60/462,469, filed April 11, 2003; serial no. 60/463,746, filed April 
18, 2003; and serial no. 60/503,417, filed September 16, 2003, all three of which are 
incorporated herein by reference in their entireties. 

INTRODUCTION 

[0002] The present invention relates to methods and compositions for inducing an 
10 immune response in a subject, wherein the subject is administered an effective amount of at 
least one or more defined hybrid antigens optionally in combination with one or more heat 
shock proteins. These methods and compositions may be used in the treatment of infectious 
diseases and cancers. 

BACKGROUND OF THE INVENTION 

15 [0003] Heat shock proteins were originally observed to be expressed in increased 
amounts in mammalian cells which were exposed to sudden elevations of temperature, 
while the expression of most cellular proteins is significantly reduced. It has since been 
determined that such proteins are produced in response to various types of stress, including 
glucose deprivation. As used herein, the term "heat shock protein" will be used to 

20 encompass both proteins that are expressly labeled as such as well as other stress proteins, 
including homologues of such proteins that are expressed constitutively (i.e., in the absence 
of stressful conditions). Examples of heat shock proteins include BiP (also referred to as 
grp78), hsp70, hsc70, gp96 (grp94), hsp60, hsp40 and hsp90. 

[0004] Heat shock proteins have the ability to bind other proteins in their non-native 
25 states, and in particular to bind nascent peptides emerging from ribosomes or extruded into 
the endoplasmic reticulum. Hendrick and Haiti, Ann. Rev. Biochem. 62:349-384 (1993); 
Haiti, Nature 381:571-580 (1996). Further, heat shock proteins have been shown to play an 
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important role in the proper folding and assembly of proteins in the cytosol, endoplasmic 
reticulum and mitochondria; in view of this function, they are referred to as "molecular 
chaperones." Frydman et al., Nature 370: 111-117 (1994); Hendrick and Haiti, Ann. Rev. 
Biochem. 62:349-384 (1993); Hartl, Nature 381:571-580 (1996). 

5 [0005] For example, the protein BiP, a member of a class of heat shock proteins referred 
to as the hsp70 family, has been found to bind to newly synthesized, unfolded |i 
immunoglobulin heavy chain prior to its assembly with light chain in the endoplasmic 
reticulum. Hendershot et al., J. Cell Biol 104:761-767(1987). Another heat shock protein, 
gp96, is a member of the hsp90 family of stress proteins which localizes in the endoplasmic 
10 reticulum. Li and Srivastava, EMBO J. 12:3143-3151 (1993); Mazzarella and Green, /. 
Biol Chem. 262:8875-8883 (1987). It has been proposed that gp96 may assist in the 
assembly of multi-subunit proteins in the endoplasmic reticulum. Wiech et al., Nature 
358:169-170(1992). 

[0006] It has been observed that heat shock proteins prepared from tumors in 
15 experimental animals were able to induce immune responses in a tumor-specific manner; 
that is to say, heat shock protein purified from a particular tumor could induce an immune 
response in an experimental animal which would inhibit the growth of the same tumor, but 
not other tumors. Srivastava and Maki, Curr. Topics Microbiol. 167:109-123 (1991). 
Genes encoding heat shock proteins have not been found to exhibit tumor-specific DNA 
20 polymorphism. Srivastava and Udono, Curr. Opin. Immunol. 6:728-732 (1994). High 
resolution gel electrophoresis has indicated that gp96 may be heterogeneous at the 
molecular level. Feldweg and Srivastava, Int. J. Cancer 63: 310-314 (1995). Evidence 
suggests that the source of heterogeneity may be populations of small peptides adherent to 
the heat shock protein, which may number in the hundreds. Id. It has been proposed that a 
25 wide diversity of peptides adherent to tumor-synthesized heat shock proteins may render 
such proteins capable of eliciting an immune response in subjects having diverse HLA 
phenotypes, in contrast to more traditional immunogens which may be somewhat HLA- 
restricted in their efficacy. Id. 

[0007] Nieland et al. (Proc. Natl. Acad. Sci. U.S.A. 93:6135-6139 (1996)) identified an 
30 antigenic peptide containing a cytotoxic T lymphocyte (CTL) vesicular stomatitis virus 
(VSV) epitope bound to gp96 produced by VSV-infected cells. Neiland's methods 
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precluded the identification of any additional peptides or other compounds which may also 
have bound to gp96, and were therefore unable to further characterize higher molecular 
weight material which was bound to gp96 and detected by high pressure liquid 
chromatography. 

[0008] It has been reported that a synthetic peptide comprising multiple iterations of 
NANP (Asp Ala Asp Pro; SEQ ID NO:l) malarial antigen, chemically cross-linked to 
glutaraldehyde-fixed mycobacterial hsp65 or hsp70, was capable of inducing antibody 
formation (i.e., a humoral response) in mice in the absence of any added adjuvant; a similar 
effect was observed using heat shock protein from the bacterium Escherichia coli. Del 
Guidice, Experientia 50:1061-1066 (1994); Barrios et al., Clin. Exp. Immunol. 98:224-228 
(1994); Barrios et al., Eur. J. Immunol. 22: 1365-1372 (1992). Cross-linking of synthetic 
peptide to heat shock protein and possibly glutaraldehyde fixation was required for antibody 
induction. Barrios et al., Clin. Exp. Immunol. 98:229-233. 

[0009] PCT/US96/1 3363 describes hybrid antigens comprising an antigenic domain and 
a heat shock protein binding domain that, in a complex with a heat shock protein, induces 
immunological responses to antigens and are thus useful for treatment of cancer and 
infectious diseases. PCT/US98/22335 describes additional heat shock protein binding 
domains for similar uses, as well as the ability for hybrid antigen administered alone to 
induce an immune response. It has now been discovered that improvements in the peptide 
linker present between the at least one antigenic domain and at least one heat shock protein 
binding domain in a hybrid antigen leads to an increase in biological activity. This increase 
is also found to provide an increase in inducing an immune response against the antigenic 
portion of the hybrid antigen. It is towards these improved peptide linkers, hybrid peptides 
containing them and their uses with and without heat shock protein, that the present 
application is directed. 



SUMMARY O F THF INVENTION 

[0010] The present invention relates to methods and compositions for inducing an 

immune response in a subject, wherein at least one defined hybrid antigen optionally in a 
complex with a heat shock protein is administered to the subject. The hybrid antigen 
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comprises at least one antigenic domain and at least one heat shock protein binding domain, 
and at least one peptide linker there between. Induction of an immune response to an 
antigen associated with a disease such as an infectious disease or tumor is useful for 
treatment of the disease. The antigenic or immunogenic domain of the hybrid antigen may 
5 be an entire protein or peptide antigen, or may be only a portion of the selected antigen, for 
example a selected epitope of the antigen. The heat shock protein binding domam is a 
peptide that binds to a heat shock protein, preferably a peptide of 7- 15 amino acids that 
binds to a heat shock protein, more preferably a hydrophobic peptide that binds to a heat 
shock protein, and most preferably a hydrophobic peptide of 7-15 amino acids that binds to 
10 a heat shock protein. The linker has a sequence from among Phe Phe Arg Lys (FFRK; 

SEQ ID NO-.699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO:701); Arg 
Lys Asn (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); Phe Arg (FR), Gin Leu 
Lys (QLK), Gin Leu Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID NO:700); Lys Asn 
(KN); Arg Lys (RK); or AA.-AA.-AAa-leucine (SEQ ID NO:9), wherein AA, is A, S, V, E, 
15 G, L, or K, preferably V, more preferably S, and most preferably A ; AA 2 is K, V, or E, 
preferably E, more preferably V and most preferably K; and AA 3 is V, S, F, K, A, E, or T, 
preferably F, more preferably S and most preferably V. Among the foregoing, Gin Leu Lys 
(QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; SEQ ID NO:700) are preferred, and 
Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most preferred. 

20 [001 1] The present invention provides for methods of administering such hybrid antigens 
alone as well as heat shock protein/hybrid antigen compositions, the latter comprising (i) 
combining one or more heat shock protein with one or more hybrid antigens in vitro, under 
conditions wherein binding of hybrid antigen to heat shock protein occurs to form a hybrid 
antigen/heat shock protein complex; and (ii) administering the hybrid antigen, bound to heat 

25 shock protein, in an effective amount to a subject in need of such treatment. 

[0012] Alternatively, hybrid antigens optionally in combination with heat shock protein 
may be introduced into a subject by administering to the subject a nucleic acid encoding the 
hybrid antigen, optionally with nucleic acid encoding the heat shock protein. 

[0013] Thus, in a first aspect, the invention is directed to a hybrid antigen consisting 
30 essentially of an antigenic domain of an infectious agent or tumor antigen, a binding domain 
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that non-covalently binds to a heat shock protein, and a peptide linker separating the 
antigenic domain and the binding domain, and wherein the peptide linker is from among 
Phe Phe Arg Lys (FFRK; SEQ ID NO-.699); Phe Arg Lys (FRK); Phe Arg Lys Asn 
(FRKN, SEQ ID NO:701); Arg Lys Asn (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID 
5 NO:702); Phe Arg (FR), Gin Leu Lys (QLK), Gin Leu Glu (QLE). Ala Lys Val Leu 

(AKVL; SEQ ID NO:700); Lys Asn (KN); Arg Lys (RK); or AA,-AA 2 -AA 3 -leucine (SEQ 
ID NO:9), wherein AA, is A, S, V, E, G, L, or K, preferably V, more preferably S, and 
most preferably A ; AA 2 is K, V, or E, preferably E, more preferably V and most preferably 
K; and AA 3 is V, S, F, K, A, E, or T, preferably F, more preferably S and most preferably 
10 V Among the foregoing, Gin Leu Lys (QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; 
SEQ ID NO:700) are preferred, and Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most 
preferred. 

[0014] In a second aspect, the invention is directed to a hybrid antigen consisting essentially 
of a plurality of antigenic domains of one or more infectious agents or one or more tumor 
15 antigens, at least one binding domain that non-covalently binds to a heat shock protein, and 
at least one peptide linker separating the antigenic domains and the at least one binding 
domain, and wherein at least one peptide linker is from among Phe Phe Arg Lys (FFRK; 
SEQ ID NO:699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO.701); Arg 
Lys Asn (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); Phe Arg (FR), Gin Leu 
20 Lys (QLK), Gin Leu Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID NO:700); Lys Asn 

(KN); Arg Lys (RK); or AA,-AA 2 -AA3-leucine (SEQ ID NO:9), wherein AA, is A, S, V, E, 
G, L, or K, preferably V, more preferably S, and most preferably A ; AA 2 is K, V, or E, 
preferably E, more preferably V and most preferably K; and AA 3 is V, S, F, K, A, E, or T, 
preferably F, more preferably S and most preferably V. Among the foregoing, Gin Leu Lys 
25 (QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; SEQ ID NO.700) are preferred, and 
Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most preferred. In a particular embodiment, 
at least one of the antigenic domains in the aforementioned hybrid antigen is a T helper 
epitope. 

[0015] In a third aspect, the invention is directed to a hybrid antigen comprising an 
30 antigenic domain of an infectious agent or tumor antigen and a binding domain that non- 
covalently binds to a heat shock protein, and a peptide linker there between, and wherein at 
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least one peptide linker is from among Phe Phe Arg Lys (FFRK; SEQ ID NO:699); Phe 
Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO:701); Arg Lys Asn (RKN); Phe 
Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); Phe Arg (FR), Gin Leu Lys (QLK), Gin Leu 
Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID NO:700); Lys Asn (KN); Arg Lys (RK); or 
5 AA,-AA 2 -AA 3 -leucine (SEQ ID NO:9), wherein AA, is A, S, V, E, G, L, or K, preferably 
V more preferably S, and most preferably A ; AA 2 is K, V, or E, preferably E, more 
preferably V and most preferably K; and AA 3 is V, S, F, K, A, E, or T, preferably F, more 
preferably S and most preferably V. Among the foregoing, Gin Leu Lys (QLK), Arg Lys 
(RK) and Ala Lys Val Leu (AKVL; SEQ ID NO:700) are preferred, and Phe Phe Arg Lys 
10 (FFRK; SEQ ID NO:699) is most preferred. In a particular embodiment, the 

aforementioned hybrid antigen has a peptide linker separating the antigenic domain and the 
binding domain. 

[0016] In a fourth aspect, the invention is directed to a hybrid antigen comprising a 
plurality of antigenic domains of one or more infectious agents or one or more tumor 
15 antigens and at least one binding domain that non-covalently binds to a heat shock protein, 
and at least one peptide linker there between, and wherein at least one peptide linker is from 
among Phe Phe Arg Lys (FFRK; SEQ ID NO:699); Phe Arg Lys (FRK); Phe Arg Lys Asn 
(FRKN, SEQ ID NO:701); Arg Lys Asn (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID 
NO:702); Phe Arg (FR), Gin Leu Lys (QLK), Gin Leu Glu (QLE), Ala Lys Val Leu 
20 (AKVL; SEQ ID NO:700); Lys Asn (KN); Arg Lys (RK); or AA,-AA 2 -AA 3 -leucine (SEQ 
ID NO-9), wherein AA, is A, S, V, E, G, L, or K, preferably V, more preferably S, and 
most preferably A ; AA 2 is K, V, or E, preferably E, more preferably V and most preferably 
K and AA 3 is V, S, F, K, A, E, or T, preferably F, more preferably S and most preferably 
V Among the foregoing, Gin Leu Lys (QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; 
25 SEQ ID NO:700) are preferred, and Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most 
preferred. In a particular embodiment, at least one of the antigenic domains is a T helper 
epitope. 

[0017] In a fifth aspect, the invention is directed to a composition for inducing an 
immune response to an infectious agent or tumor antigen comprising at least one hybrid 
30 antigen, the hybrid antigen comprising an antigenic domain of the infectious agent or tumor 
antigen, a binding domain that non-covalently binds to a heat shock protein, and at least one 
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peptide linker there between, and wherein at least one peptide linker is from among Phe Phe 
Arg Lys (FFRK; SEQ ID NO:699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ 
ID NO 701); Arg Lys Asn (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); Phe 
Arg (FR), Gin Leu Lys (QLK), Gin Leu Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID 
5 NO-700); Lys Asn (KN); Arg Lys (RK); or AA.-AA.-AArleucine (SEQ ID NO:9), 

wherein AA, is A, S, V, E, G, L, or K, preferably V, more preferably S, and most 

preferably A ; AA 2 is K, V, or E, preferably E, more preferably V and most preferably K; 

and AA 3 is V, S, F, K, A, E, or T, preferably F, more preferably S and most preferably V. 

Among the foregoing, Gin Leu Lys (QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; 
10 SEQ ID NO:700) are preferred, and Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most 

preferred. In one embodiment, the composition comprises a plurality of hybrid antigens, 

and one of the hybrid antigens can comprise a T helper epitope. 

[00 18] In a sixth aspect, the invention is directed to a composition for inducing an 
im mune response to an infectious agent or tumor antigen comprising at least one hybnd 
15 antigen, the hybrid antigen comprising a plurality of antigenic domains at least one of winch 
is from the infectious agent or tumor antigen, at least one binding domain that non- 
covalently binds to a heat shock protein, and at least one peptide linker there between, and 
wherein at least one peptide linker is from among Phe Phe Arg Lys (FFRK; SEQ ID 
NO-699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO:701); Arg Lys Asn 
20 (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); Phe Arg (FR), Gin Leu Lys 
(QLK), Gin Leu Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID NO:700); Lys Asn (KN); 
Arg Lys (RK); or AA.-AA.-AAs-leucine (SEQ ID NO:9), wherein AA, is A, S, V, E, G, L, 
or K preferably V, more preferably S, and most preferably A ; AA 2 is K, V, or E, 
preferably E, more preferably V and most preferably K; and AA 3 is V, S, F, K, A, E, or T, 
25 preferably F, more preferably S and most preferably V. Among the foregoing, Gin Leu Lys 
(QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; SEQ ID NO:700) are preferred, and 
Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most preferred. 

[0019] In a seventh aspect, the invention is directed to a composition for inducing an 
immune response to an infectious agent or tumor antigen comprising at least one hybnd 
30 antigen, the hybrid antigen consisting essentially of an antigenic domain of the mfecuous 
agent or tumor antigen, a binding domain that non-covalently binds to a heat shock protem, 
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and a peptide linker separating the antigenic domain and the binding domain, and wherein at 
least one peptide linker is from among Phe Phe Arg Lys (FFRK; SEQ ID NO:699); Phe 
Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO:701); Arg Lys Asn (RKN); Phe 
Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); Phe Arg (FR), Gin Leu Lys (QLK), Gin Leu 
5 Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID NO:700); Lys Asn (KN); Arg Lys (RK); or 
AA,-AA 2 -AA 3 -leucine (SEQ ID NO:9), wherein AA, is A, S, V, E, G, L, or K, preferably 
V, more preferably S, and most preferably A ; AA 2 is K, V, or E, preferably E, more 
preferably V and most preferably K; and AA 3 is V, S, F, K, A, E, or T, preferably F, more 
preferably S and most preferably V. Among the foregoing, Gin Leu Lys (QLK), Arg Lys 
10 (RK) and Ala Lys Val Leu (AKVL; SEQ ID NO:700) are preferred, and Phe Phe Arg Lys 
(FFRK; SEQ ID NO:699) is most preferred. In one embodiment, the aforementioned 
composition comprises a plurality of hybrid antigens. In another aspect, at least one of the 
plurality of hybrid antigens comprises a T helper epitope. 

[0020] In an eighth aspect, the invention is directed to a composition for inducing an 
15 immune response to an infectious agent or tumor antigen comprising at least one hybrid 

antigen, the hybrid antigen consisting essentially of a plurality of antigenic domains at least 
one of which is from the infectious agent or tumor antigen, at least one binding domain that 
non-covalently binds to a heat shock protein, and at least one peptide linker separating the 
antigenic domain and the binding domain, and wherein at least one peptide linker is from 
20 among Phe Phe Arg Lys (FFRK; _SEQ ID NO:699); Phe Arg Lys (FRK); Phe Arg Lys Asn 
(FRKN, SEQ ID NO:701); Arg Lys Asn (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID 
NO:702); Phe Arg (FR), Gin Leu Lys (QLK), Gin Leu Glu (QLE), Ala Lys Val Leu 
(AKVL; SEQ ID NO:700); Lys Asn (KN); Arg Lys (RK); or AA,-AA 2 -AA 3 -leucine (SEQ 
ID NO:9), wherein AA, is A, S, V, E, G, L, or K, preferably V, more preferably S, and most 
25 preferably A ; AA 2 is K, V, or E, preferably E, more preferably V and most preferably K; 
and AA 3 is V, S, F, K, A, E, or T, preferably F, more preferably S and most preferably V. 
In one embodiment, at least one of the antigenic domains comprises a T helper epitope. 

[0021] In a ninth aspect, the invention is directed to a method for inducing an immune 
response to an infectious agent or tumor antigen comprising administering to a subject a 
30 complex of a heat shock protein and a hybrid antigen comprising at least one antigenic 

domain of the infectious agent or tumor antigen, at least one binding domain comprising a 



8 
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peptide that non-covalently binds to a heat shock protein, and a peptide linker there 
between; wherein the hybrid antigen and the heat shock protein are non-covalently bound, 
and wherein at least one peptide linker is from among Phe Phe Arg Lys (FFRK; SEQ ID 
NO:699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO:701); Arg Lys Asn 
(RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); Phe Arg (FR), Gin Leu Lys 
(QLK), Gin Leu Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID NO:700); Lys Asn (KN); 
Arg Lys (RK); or AA,-AA 2 -AA 3 -leucine (SEQ ID NO:9), wherein AA, is A, S, V, E, G, L, 
or K, preferably V, more preferably S, and most preferably A ; AA 2 is K, V, or E, 
preferably E, more preferably V and most preferably K; and AA 3 is V, S, F, K, A, E, or T, 
preferably F, more preferably S and most preferably V. Among the foregoing, Gin Leu Lys 
(QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; SEQ ID NO:700) are preferred, and 
Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most preferred. In one embodiment, the 
complex comprises a plurality of hybrid antigens. In an embodiment, at least one of the 
hybrid antigens is a T helper epitope. In another embodiment, the hybrid antigen comprises 
15 a plurality of antigenic domains, and at least one of the antigenic domains can be a T helper 
epitope. In yet another embodiment wherein the complex comprises a plurality of hybrid 
antigens, at least one of the hybrid antigens comprises a plurality of antigenic domains. In 
another embodiment of this aspect of the invention, the heat shock protein is a hsp70. 

[0022] In a tenth aspect, the invention is directed to a method for inducing an immune 
20 response to an infectious agent or tumor antigen comprising administering to a subject a 
complex of a heat shock protein and a hybrid antigen, the hybrid antigen consisting 
essentially of at least one antigenic domain of an infectious agent or tumor antigen, a 
binding domain that non-covalently binds to a heat shock protein, and a peptide linker 
separating the antigenic domain and the binding domain, and wherein at least one peptide 

25 linker is from among Phe Phe Arg Lys (FFRK; SEQ ID NO:699); Phe Arg Lys (FRK); Phe 
Arg Lys Asn (FRKN, SEQ ID NO:701); Arg Lys Asn (RKN); Phe Phe Arg Lys Asn 
(FFRKN, SEQ ID NO.702); Phe Arg (FR), Gin Leu Lys (QLK), Gin Leu Glu (QLE), Ala 
Lys Val Leu (AKVL; SEQ ID NO:700); Lys Asn (KN); Arg Lys (RK); or AA r AA 2 -AA 3 - 
leucine (SEQ ID NO:9), wherein AA, is A, S, V, E, G, L, or K, preferably V, more 

30 preferably S, and most preferably A ; AA 2 is K, V, or E, preferably E, more preferably V 
and most preferably K; and AA 3 is V, S, F, K, A, E, or T, preferably F, more preferably S 
and most preferably V. Among the foregoing, Gin Leu Lys (QLK), Arg Lys (RK) and Ala 
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Lys Val Leu (AKVL; SEQ ID NO:700) are preferred, and Phe Phe Arg Lys (FFRK; SEQ 
m NO-699) is most preferred. In one embodiment, the complex comprises a pluraltty of 
hybrid antigens. In another embodiment, at leas, one of the hybrid antigens is a T helper 
epitope, in a further embodiment, the hybrid antigen comprises a plurality of anttgentc 
domains. In ye, a further embodiment, a. leas, one of One anligenic domains is a T helper 
epitope. In still ye, another embodiment, the complex comprises a plurality of hybrtd 
antigens, a. leas, one of me hybrid antigens comprising a plurality of antigenic domams. In 
a preferred embodiment of this aspect, the hea, shock protein is a hsp70. 

[00231 In an eleventh aspect, the invention is directed to a method for inducing an 
immune response to an infectious agent or tumor antigen comprising admmistenng to a 
subject a, leas, one hybrid antigen comprising at leas, one antigenic domam of me 
mfecrious agent or tumor antigen, at leas, one binding domain comprising a pept.de ma, 
„„„-covalen,,y binds ,o a hea, shock prorein, and a, leas, one peplide linker drere between, 
and wherein a, leas, one peptide linker is from among Phe Phe Arg Lys (FFRK; SEQ n> 
NO;699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO.701); Arg Lys Asn 
(RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO:702>; Phe Arg (FR), Gin Leu Lys 
(QLK), G.n Leu Glu (QLE), Ala Lys Va, Leu (AKVL; SEQ ID NO;700>; Lys Asn <KN); 
Arg Lys (RK); or AA.-AAr AA,-leucine (SEQ ID NO;9), wherein AAi is A, S, V, E, G, L, 
„ r K, preferably V, more preferably S. and mos, preferably A ; AA 2 is K, V, or E 
, preferably E, more preferably V and mos, preferably K; and AAs is V, S, F, K, A, E or f . 
preferably F, more preferably S and mos, preferably V. Among me foregoing, Gin Leu Lys 
(QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; SEQ ID NO.700) are preferred and 
Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most preferred. In one embodtmem, me 
complex comprises a plurality of hybrid antigens. In anodter embodiment, a. leas, one of 
5 rhehybridandgensisaThe.perepi.ope. In anodter embodiment, dre hybrid antigen 
comprises a plurality of antigenic domains. In a further embodimen,, at leas, one of the 
antigenic domains is a T helper epitope. In ye, a further embodiment, me complex 
comprises a plurali.y of hybrid antigens, a, leas, one of dre hybrid antigens compns.ng a 
plurality of antigenic domains. In another embodiment of this aspect of the inventton, a 
,0 peptide linker separates the antigenic domain and me binding domam. 



10 
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[0024] In a twelfth embodiment, the invention is directed to a method for inducing an 
immune response to an infectious agent or tumor antigen comprising administering to a 
subject at least one hybrid antigen, the hybrid antigen consisting essentially of at least one 
antigenic domain of an infectious agent or tumor antigen, a binding domain that non- 
covalently binds to a heat shock protein, and a peptide linker separating the antigenic 
domain and the binding domain, and wherein at least one peptide linker is from among Phe 
Phe Arg Lys (FFRK; SEQ ID NO:699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, 
SEQ ID NO:701); Arg Lys Asn (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); 
Phe Arg (FR), Gin Leu Lys (QLK), Gin Leu Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID 
NO:700); Lys Asn (KN); Arg Lys (RK); or AA,-AA 2 -AA 3 -leucine (SEQ ID NO:9), 
wherein AA, is A, S, V, E, G, L, or K, preferably V, more preferably S, and most 
preferably A ; AA 2 is K, V, or E, preferably E, more preferably V and most preferably K; 
and AA 3 is V, S, F, K, A, E, or T, preferably F, more preferably S and most preferably V. 
Among the foregoing, Gin Leu Lys (QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; 
15 SEQ ID NO:700) are preferred, and Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most 
preferred. In one embodiment, the complex comprises a plurality of hybrid antigens. In a 
further embodiment, at least one of the hybrid antigens is a T helper epitope. In another 
embodiment, the hybrid antigen comprises a plurality of antigenic domains. In yet another 
embodiment, at least one of the antigenic domains is a T helper epitope. In yet still a 
20 further embodiment, the complex comprises a plurality of hybrid antigens, at least one of 
the hybrid antigens comprising a plurality of antigenic domains. 

[0025] In a thirteenth aspect, the invention is directed to a method for treating an 
infectious disease or cancer comprising administering to a subject a complex of a heat shock 
protein and a hybrid antigen comprising at least one antigenic domain of an infectious agent 

25 or tumor antigen associated with the infectious disease or cancer, a binding domain 

comprising a peptide that non-covalently binds to a heat shock protein, and a peptide linker 
there between; and wherein the hybrid antigen and the heat shock protein are non-covalently 
bound, and wherein at least one peptide linker is from among Phe Phe Arg Lys (FFRK; 
SEQ ID NO-.699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO:701); Arg 

30 Lys Asn (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO.702); Phe Arg (FR), Gin Leu 
Lys (QLK), Gin Leu Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID NO:700); Lys Asn 
(KN); Arg Lys (RK); or AA r AA 2 -AA 3 -leucine (SEQ ID NO:9), wherein AA, is A, S, V, E, 
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G L or K, preferably V, more preferably S, and most preferably A ; AA 2 ,s K, V, or E, 
preferably E, more preferably V and most preferably K; and AA, is V, S, F, K, A, E, or T, 
preferably F. more preferably S and mos, preferab.y V. Among me foregoing. Gin Leu Lys 
(QLK) Arg Lys (RK) and Ala Lys Val Leu (AKVL; SEQ ID NO;700) are preferred, and 
Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most preferred. In one embodiment, the 
complex comprises a ptaralLy of hybrid antigens. In another embodiment a. leas, one of 
the hybrid antigens is a T helper epitope. In ye. another embodiment, me hybrid antrgen 
comprises a plmahty of antigenic domains. In still another embodiment, a. leas, one of the 
antigenic domains is a T helper epitope. In ye. still a former embodiment, the complex 
comprises a plurality of hybrid antigens, a, least one of the hybrid antigens comprising a 
plurality of antigenic domains. In an embodiment of this aspect of the invention, a pepttde 
Unker separates the antigenic domain and the binding domain. In a preferred embodtmen. 
of this aspect of the invention, the heal shock protein is a hsp70. 
,0026] in a fourteenth aspect, the invention is directed to a method for treating an 
infectious disease or cancer comprising administering to a subject a complex of a heat shock 
protein and a hybrid antigen, the hybrid antigen consisting essentially of at leas, one 
antigenic domain of an infectious agent or tumor antigen associated with the infectious 
disease or cancer, a. leas, one binding domain ma, non-covalemly binds to a hea, shock 
protein, and a peptide .inker separating me antigenic domain and me binding domam, and 
wherein a. leas, one peplide linker is from among Phe Phe Arg Lys (FFRK; SEQ ID 
NO-699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO:701); Arg Lys Asn 
(RKN); Phe Phe Arg Lys Asn (FFRKN. SEQ ID NO;702); Phe Arg (FR>, Gin Leu Lys 
(QLK), Gin Leu G,u (QLE). A.a Lys Va, Leu (AKVL; SEQ ID NO;700); Lys Asn (KN>; 
Arg Lys (RK); or AA,-AA,-AA,-leucine (SEQ ID NO;9), wherein AA, is A, S, V, E, G, L, 
i or K, preferably V, more preferably S, and mos, preferably A ; AA, is K, V, or E, 

preferably E, more preferably V and mos, preferably K; and AA, is V. S, F, K, A, E, or T, 
preferably F, mom preferably S and mos, preferab.y V. Among me foregoing, Gin Leu Lys 
(QLK) Arg Lys (RK) and Ala Lys Val Leu (AKVL; SEQ ID NO;700) are preferred, and 
Phe Phe Arg Lys (FFRK; SEQ ID NO;699) is mos. preferred. In one embodrment, the 
0 complex comprises a plurality of hybrid antigens, m anomer aspect, a, leas, one of me 
hybrid antigens is a T helper epitope. In ye, anomer aspect, the hybrid antigen compnses a 
plurality of antigenic domains. In ye, anomer aspect, a, leas, one of me antigenic domams 

MVITV lSAOQft' 
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is a T helper epitope. In a further aspect, the complex comprises a p.uraHty of hybnd 
Igens , tI I,o„eof te h^a» rtg e n sc, m p risi n g a»o,an« g e m cd„ m a HK . I n 

a preferred embodiment, the heat shock protein is a hsp70. 

[0027 , In a fifteen aspect, the invention is directed to a method for treating art infectious 
disease or cancer comprising administering to a subject a, least one hybrid antigen 

with the infections disease or cancer, a binding domain comprising a pepttde that nom 
covaiently binds to a beat shock protein, and a peptide linker there between, and whemn, a. 
least one peptide linker is from among Phe Phe Arg Lys (FFRK; SEQ ID ^^^^ 
Arg Lys (FRK); Phe Alg Lys Asn (FRKN, SEQ ID NO:701); Axg Lys ^ n ^^^'^^ 
Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); Phe Arg (PR), Gin Leu Lys (QUO Gin Leu 
1 (OLE) Ala Lys Va, Leu (AKVL; SEQ ID NO;700>; Lys Asn (KN); Arg Lys (RK), or 

V mom preferably S, and mo, preferably A ; AA, is K, V, or E, preferably E, more 
5 p re fe ra blyVandmo,preferablyK ; andAA3isV.S.P,K,AEo rT ,«En^ 

preferably S and most preferably V. Among the foregoing, Gin Leu Lys (QLK), Arg Lys 
S I Ala Lys Val Leu (AKVL; SEQ ID NO:700> are prefened, and Phe Phe Arg Lys 
pL SEQ ID NO:699, is most pmferred. In one embodiment, the complex compnses a 
plurality of hybrid antigens. In another aspect, a, leas, one of the hybrid antigens is aT 
,0 epitop • in ye, another aspect, the hybrid antigen comprises a plurality of anttgemc 

»1 Jsri.uUer.tspec.at.ea.toneof.eanfigenicdomams is a T helper eptlope. 
J stil, ye, another aspect, the complex comprises a plurality of hybrid anttgens a, leas me 

mis aspect of me invention, a peptide linker separates the antigen, domam and me bmdmg 
25 domain. 

,00281 in a sixteenth aspect, the invention is directed to a method for treating - 
infectious disease or cancer comprising administering ,0 a subject at least one hybnd 
antigen, the hybrid antigen consisting essentially of a, leas, one antigemc domam of an 
iaflous agent or tumor antigen associated with an infectious disease or cancer, a bmdmg 
30 lain that non-covalently binds to a heat shock protein, and a peptide linker separa ring the 
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ou . . fFFRK* SEQ ID NO:699); Phe Arg Lys (FRK); Phe Arg Lys Asn 
among Phe Phe Arg Lys (FFRK, SEQ Asn (FFRKN , SEQ ID 

cFRKN SEQ ID NO:701); Arg Lys Asn (RKN), Phe Fhe Arg L y 

m os, preferabl, A ^ _ , md most preferably 

K; and AAs » V, S, F, K, ' A , a Lys Val ^ (AKVL; 

15 antigens comprising a plurality of antigenic dements. 

[0029) h a sevenreenlh aspect, dte invention is directed to a peptide fron 

a /DK-wv Phe Phe Arg Lys Asn (FFRKN, VVJ 
cpn m NO-701V, Arg Lys Asn (RKN), f ne rne /^s w 

,0030, in an eighreendt aspect, the invention is direered ro an immunogenic polypepude 

and at leatst one peptide linker there betwe r ^FRKY Phe Arg Lys Asn 

/ccd it- «:pn TD NO-699); Phe Arg Lys (FRK), rnemg *-j 
among Phe Phe Arg Lys (FFRK, SEQ ID NU.ovv;, 5 

* /ok-mv PhePhe Arg Lys Asn (rrKisJN, atv"' 
fFRK N SEQIDNO:701);ArgLysAsn(RKN),PheraeArg y 

ID NO:9), wherein AA, is A, S, V, E, U, L, or r^, f 
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most preferably A ; AA2 is K, V, or E, preferably E, more preferably V and most preferably 
K; and AA3 is V, S, F, K, A, E, or T, preferably F, more preferably S and most preferably 
V. Among the foregoing, Gin Leu Lys (QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; 
SEQ ID NO:700) are preferred, and Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most 
5 preferred. 

[0031] In a nineteenth aspect, the invention is directed to a polynucleotide encoding any of 
the hybrid antigens in the aforementioned first, second, third or fourth aspect. 

[0032] In a twentieth aspect, the invention is directed to a method of inducing an immune 
response to an infectious disease or cancer comprising administering to a subject a 

10 polynucleotide encoding a hybrid antigen comprising an antigenic domain of an infectious 
agent or tumor antigen associated with the infectious disease or cancer, a heat shock protein 
binding domain, and a peptide linker there between from among Phe Phe Arg Lys (FFRK; 
SEQ ID NO:699); Phe Arg Lys (FRK); Phe Arg Lys Asn (FRKN, SEQ ID NO:701); Arg 
Lys Asn (RKN); Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO:702); Phe Arg (FR), Gin Leu 

15 Lys (QLK), Gin Leu Glu (QLE), Ala Lys Val Leu (AKVL; SEQ ID NO:700); Lys Asn 

(KN); Arg Lys (RK); or AAi-AA 2 -AA 3 -leucine (SEQ ID NO:9), wherein AAi is A, S, V, E, 
G, L, or K, preferably V, more preferably S, and most preferably A ; AA2 is K, V, or E, 
preferably E, more preferably V and most preferably K; and AA3 is V, S, F, K, A, E, or T, 
preferably F, more preferably S and most preferably V. Among the foregoing, Gin Leu Lys 

20 (QLK), Arg Lys (RK) and Ala Lys Val Leu (AKVL; SEQ ID NO:700) are preferred, and 
Phe Phe Arg Lys (FFRK; SEQ ID NO:699) is most preferred. 

[0033] In a twenty-first aspect, the invention is directed a method of inducing an 
immune response to an infectious disease or cancer comprising administering to a subject a 
polynucleotide encoding a hybrid antigen as mentioned above, and a polynucleotide 
25 encoding a heat shock protein. In a preferred embodiment, the encoded heat shock protein 
is a hsp70. 

[0034] In any or all of the aforementioned aspects of the invention, the infectious disease 
antigen may be derived from an infectious agent such as a bacterium, virus, protozoan, 
mycoplasma, fungus, yeast, parasite, or prion, by way of non-limiting example. A cancer or 
30 tumor antigen associated with cancer may be derived from a sarcoma, a lymphoma, a 
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.eukemia. or a carcinoma, a melanoma, cinema of the breas,, carctnom . - 
ovarian carcinoma, carcinoma of me cervix, colon carcinoma, carcmoma of rhe ung 
gli oblas,oma. or astrocytoma, by wa y of ncrr-.imiung eaamp.es. The anrigeruc — 
an infecioua agen, or cancer comprises an antigen derived from or assocared w duhe 
infections disease or tumor antigen, snob ma. induction of an immune response to the 
antigen of rhe infectious agen, or cancer antigen, respective*, is usentl for treatmg me 
corresponding infectious disease or cancer. 

,00351 Tbis application claims priority under 35 U.S.C. § 1 19(e) to provisiona. 
^Lons serial 60,462,4«, fded Apr., II. 200,; serial no. 60/463,746, filed Apr,, 
18 2003; and serial no. 60/503,417, filed September 16, 2003, aU rbree of wbtcb are 
incorporated herein by reference in their entireties. 



ppfFF ^Pstr-PIPTION OF THF. D R AWING 

[0036] Figure 1 shows me results of a rumor challenge study in which immunization 
15 using a hybrid antigen or complex of a hybrid atttigen with a hea, shock protein was 
perf rmeo, followed seven days ,a,er by chahenge with a rumor expressing the antigen. 



prT a „ rp ^er-p tPTION OF THF. INVENTION 

[0037] For purposes of Carity of description, and no, by way of limharion, me detailed 
20 description is divided into me following subsections: 

(i) hybrid antigens, 

(ii) heat shock proteins; and 

(iii) methods of administration. 

W yhriri Antigens 

25 [0038] A hybrid antigen, according to the invention comprises a, leas, one antigenic 
(immunogenic) domain, a, leaat one hea, shock protein-binding domain, and a pepttde 
.inker between a. leas, ,wo of these domains, wherein the peptide linker is among 
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Phe Phe Arg Lys (FFRK; SEQ ID NO:699), 
Phe Arg Lys (FRK); 

Phe Arg Lys Asn (FRKN, SEQ ID NO:701); 
Arg Lys Asn (RKN); 

Phe Phe Arg Lys Asn (FFRKN, SEQ ID NO.702); 

Phe Arg (FR), 

Gin Leu Lys (QLK), 

Gin Leu Glu (QLE), 

Ala Lys Val Leu (AKVL; SEQ ID NO:700), 
Lys Asn (KN); 
Arg Lys (RK); or 

AA r AA 2 -AA 3 -leucine (SEQ ID NO:10), wherein AA, is A, S, V, E, G, L, or k. 
preferably V, more preferably S, and most preferably A ; AA 2 is K, V, or E 
preferably E, more preferably V and most preferably K; and AA 3 is V, S. F. K, A, E, 
or T, preferably F, more preferably S and most preferably V. 

, * rMn t <»n T vs COLK) Are Lys (RK) and Ala Lys Val Leu 

[0039] Among the foregoing, Gin Leu Lys (QLK.), Arg y , 

(AKVL; SEQ ID NO.700) are preferred, and Phe Phe Arg Lys (FFRK; SEQ ID NO.699) 
is most preferred. 

,0040] Thus, dre hybrid antigen serves a. leas, .wo functions, name ly (0 i. contains an 
X capabie o, inducing the desired hnmune response- and (ii, it is capable o, phys.caHy 
biding to a heat shock protein. A S wiU be noted be.ow, S nch binding may occnr m v.vo 
such dra, adminis,rat]o„ of the hybrid antigen alone wffl indt.ce dte desired unmune 
response and provide die desired therapeutic effect. 

,0041] The term "antigen" as used herein, refers <o a compound which may be 
composed of amino acids, carbohydrates, nucleic acids or lipids individually or in any 
combination. 

,0042] The term "hybrid an.igen," as us* herein, refers «o a compound which binds to 
one or more hea, shock proteins and which is represent of *. immunogen .oward 
which an immune response is desirab.y directed. For example, where me tmmunogen . an 
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the influenza virus. As used herein, the term "immunogen" is applied to the neoplastic cell, 
infected cell, pathogen, or component thereof, towards which an immune response is to be 
elicited, whereas the hybrid antigen comprises a portion of that immunogen winch can 
provoke the desired response and which binds to one or more heat shock proteins. In 
particular, the antigenic domain of the hybrid antigen is selected to elicit an immune 
response to a particular disease or pathogen, including peptides obtained from MHC 
molecules, mutated DNA gene products, and direct DNA products such as those obtamed 
from tumor cells. 

[0043] While the invention may be applied to any type of immunogen, immunogens of 
particular interest are those associated with, derived from, or predicted to be associated with 
a neoplastic disease, including but not limited to a sarcoma, a lymphoma, a leukemia, or a 
carcinoma, and in particular, with melanoma, carcinoma of the breast, carcinoma of the 
prostate, ovarian carcinoma, carcinoma of the cervix, colon carcinoma, carcmoma of the 
lung, glioblastoma, astrocytoma, etc. Selections of melanoma antigens useful m hybrid 
antigens of the present invention may be found, by way of non-limiting example, in 
PCT/US01/12449 (WO0178655), incorporated herein by reference in its entirety. Further, 
mutations of tumor suppressor gene products such as P 53, or oncogene products such as ras 
may also provide hybrid antigens to be used according to the invention. 

[0 044] In further embodiments, the immunogen may be associated with an infectious 
disease, and, as such, may be a bacterium, virus, protozoan, mycoplasma, fungus, yeast, 
parasite, or prion. For example, but not by way of limitation, the immunogen may be a 
human papilloma virus (see below), a herpes virus such as herpes simplex or herpes zoster, 
a retrovirus such as human immunodeficiency virus 1 or 2, a hepatitis virus, an influenza 
virus, a rhinovirus, respiratory syncytial virus, cytomegalovirus, adenovirus, Mycoplasma 
25 pneumoniae, a bacterium of the genus Salmonella, Staphylococcus, Streptococcus, 

Enterococcus, Clostridium, Escherichia, Klebsiella, Vibrio, Mycobacterium, amoeba, a 
malarial parasite, Trypanosoma cruzi, etc. 

[0045] Immunogens may be obtained by isolation directly from a neoplasm, an infected 
cell a specimen from an infected subject, a cell culture, or an organism culture, or may be 
30 synthesized by chemical or recombinant techniques. By way of non-limiting examples, 
suitable antigenic peptides, particularly for use in a hybrid antigen, for use against viruses, 
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bacteria and the like can be designed by searching through their sequences for MHC class I 
restricted peptide epitopes containing HLA binding sequences such as but not limited to 
HLA-A2 peptide binding sequences: 

Xaa(LeuA4et)XaaXaaXaa(Vayile/LeuAThr)XaaXaa(VayLeu) (SEQ ID NO:2), for 

5 example, 
from viruses: 

Ser Gly Pro Ser Asn Thr Pro Pro Glu lie ( SEQ ID NO: 10); 
Ser Gly Val Glu Asn Pro Gly Gly Tyr Cys Leu ( SEQ ID NO: 1 1); 
Lys Ala Val Tyr Asn Phe Ala Thr Cys Gly ( SEQ ID NO: 12); 
10 Arg Pro Gin Ala Ser Gly Val Tyr Met ( SEQ ID NO: 13); 
Phe Gin Pro Gin Asn Gly Gin Phe He ( SEQ ID NO: 14); 
lie Glu Gly Gly Trp Thr Gly Met lie ( SEQ ID NO: 15); 
Thr Tyr Val Ser Val Ser Thr Ser Thr Leu ( SEQ ID NO: 16); 
Phe Glu Ala Asn Gly Asn Leu He ( SEQ ID NO: 17); 
15 He Tyr Ser Thr Val Ala Ser Ser Leu ( SEQ ID NO: 18); 
Thr Tyr Gin Arg Thr Arg Ala Leu Val ( SEQ ID NO: 19); 
Cys Thr Glu Leu Lys Leu Ser Asp Tyr ( SEQ ID NO:20); 
Ser Asp Tyr Glu Gly Arg Leu He ( SEQ ID NO:21); 
Glu Glu Gly Ala He Val Gly Glu He ( SEQ ID NO:22); 
20 Val Ser Asp Gly Gly Pro Asn Leu Tyr ( SEQ ID NO:23); 
Ala Ser Asn Glu Asn Met Glu Thr Met ( SEQ ID NO:24); 
Ala Ser Asn Glu Asn Met Asp Ala Met ( SEQ ID NO:25); 
Lys Leu Gly Glu Phe Tyr Asn Gin Met Met ( SEQ ID NO:26); 
Leu Tyr Gin Asn Val Gly Thr Tyr Val ( SEQ ID NO:27); 
25 Thr Tyr Val Ser Val Gly Thr Ser Thr Leu ( SEQ ID NO:28); 
Phe Glu Ser Thr Gly Asn Leu lie ( SEQ ID NO:29); 
Val Tyr Gin He Leu Ala He Tyr Ala ( SEQ ID NO:30); 
He Tyr Ala Thr Val Ala Gly Ser Leu ( SEQ ID NO:31); 
Gly He Leu Gly Phe Val Phe Thr Leu ( SEQ ID NO:32); 
30 He Leu Gly Phe Val Phe Thr Leu Thr Val ( SEQ ID NO:33); 
He Leu Arg Gly Ser Val Ala His Lys ( SEQ ID NO:34); 
Glu Asp Leu Arg Val Leu Ser Phe He ( SEQ ID NO:35); 
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Glu Leu Arg Ser Arg Tyr Trp Ala He ( SEQ ID NO:36); 
Ser Arg Tyr Trp Ala lie Arg Thr Arg ( SEQ ID NO:37); 
Lys Thr Gly Gly Pro lie Tyr Lys Arg ( SEQ ID NO:38); 
Phe Ala Pro Gly Asn Tyr Pro Ala Leu ( SEQ ID NO:39); 
5 Arg Arg Tyr Pro Asp Ala Val Tyr Leu ( SEQ ID NO:40); 
Asp Pro Val He Asp Arg Leu Tyr Leu ( SEQ ID NO:41); 
Ser Pro Gly Arg Ser Phe Ser Tyr Phe ( SEQ ID NO:42); 
Tyr Pro Ala Leu Gly Leu His Glu Phe ( SEQ ID NO:43); 
Thr Tyr Lys Asp Thr Val Gin Leu ( SEQ ID NO:44); 
10 Phe Tyr Asp Gly Phe Ser Lys Val Pro Leu ( SEQ ID NO:45); 
Phe He Ala Gly Asn Ser Ala Tyr Glu Tyr Val ( SEQ ID NO:46); 
Tyr Pro His Phe Met Pro Thr Asn Leu ( SEQ ID NO:47); 
Ala Pro Thr Ala Gly Ala Phe Phe Phe ( SEQ ID NO:48); 
Ser Thr Leu Pro Glu Thr Thr Val Val Arg Arg ( SEQ ID NO:49); 
15 Phe Leu Pro Ser Asp Phe Phe Pro Ser Val ( SEQ ID NO:50); 
Trp Leu Ser Leu Leu Val Pro Phe Val ( SEQ ID NO:51); 
Gly Leu Ser Pro Thr Val Trp Leu Ser Val ( SEQ ID NO:52); 
Asp Leu Met Gly Tyr He Pro Leu Val ( SEQ ID NO:53); 
Leu Met Gly Tyr He Pro Leu Val Gly Ala ( SEQ ID NO:54); 
20 Ala Ser Arg Cys Trp Val Ala Met ( SEQ ID NO:55); 

Lys Leu Val Ala Leu Gly He Asn Ala Val ( SEQ ID NO:56); 
Phe Leu Arg Gly Arg Ala Tyr Gly Leu ( SEQ ID NO:57); 
Arg Arg lie Tyr Asp Leu He Glu Leu ( SEQ ID NO:58); 
He Val Thr Asp Phe Ser Val He Lys ( SEQ ID NO:59); 
25 Arg Arg Arg Trp Arg Arg Leu Thr Val ( SEQ ID NO:60); 

Glu Glu Asn Leu Leu Asp Phe Val Arg Phe ( SEQ ID NO:61); 
Cys Leu Gly Gly Leu Leu Thr Met Val ( SEQ ID NO:62); 
Ser Ser He Glu Phe Ala Arg Leu ( SEQ ID NO:63); 
Leu Tyr Arg Thr Phe Ala Gly Asn Pro Arg Ala ( SEQ ID NO:64); 
30 Asp Tyr Ala Thr Leu Gly Val Gly Val ( SEQ ID NO:65); 
Leu Leu Leu Gly Thr Leu Asn He Val ( SEQ ID NO:66); 
Leu Leu Met Gly Thr Leu Gly He Val ( SEQ ID NO:67); 
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Thr Leu Gin Asp He Val Leu His Leu ( SEQ ID NO:68); 
Gly Leu His Cys Tyr Glu Gin Leu Val ( SEQ ID NO:69); 
Pro Leu Lys Gin His Phe Gin lie Val ( SEQ ID NO:70); 
Arg Leu Val Thr Leu Lys Asp lie Val ( SEQ ID NO:71); 
5 Arg Ala His Tyr Asn lie Val Thr Phe ( SEQ ID NO:72); 
Leu Leu Phe Gly Tyr Pro Val Tyr Val ( SEQ ID NO:73); 
Ser Ala He Asn Asn Tyr Ala Gin Lys Leu ( SEQ ID NO:74); 
His Gin Ala He Ser Pro Arg Thr Leu ( SEQ ID NO:75); 
Gin Met Val His Gin Ala He Ser Pro Arg Thr Leu ( SEQ ID NO:76); 
10 Cys Lys Gly Val Asn Lys Glu Tyr Leu ( SEQ ID NO:77); 
Gin Gly He Asn Asn Leu Asp Asn Leu ( SEQ ID NO:78); 
Asn Asn Leu Asp Asn Leu Arg Asp Tyr ( SEQ ID NO:79); 
Ser Glu Phe Leu Leu Glu Lys Arg lie ( SEQ ID NO:80); 
Ser Tyr He Gly Ser lie Asn Asn He ( SEQ ID NO:81); 
15 lie Leu Gly Asn Lys lie Val Arg Met Tyr ( SEQ ID NO:82); 
Arg Leu Arg Pro Gly Gly Lys Lys Lys ( SEQ ID NO: 83); 
Glu He Lys Asp Thr Lys Glu Ala Leu ( SEQ ID NO:84); 
Gly Glu lie Tyr Lys Arg Trp He He ( SEQ ID NO:85); 
Glu lie Tyr Lys Arg Trp lie He Leu ( SEQ ID NO:86); 
20 Arg Tyr Leu Lys Asp Gin Gin Leu Leu ( SEQ ID NO:87); 
Arg Gly Pro Gly Arg Ala Phe Val Thr lie ( SEQ ID NO:88); 
lie Val Gly Leu Asn Lys lie Val Arg ( SEQ ID NO:89); 
Thr Val Tyr Tyr Gly Val Pro Val Trp Lys ( SEQ ID NO:90); 
Arg Leu Arg Asp Leu Leu Leu He Val Thr Arg ( SEQ ID NO:91); 
25 Lys Arg Trp He lie Leu Gly Leu Asn Lys ( SEQ ID NO:92); 
Ser Phe Asn Cys Gly Gly Glu Phe Phe ( SEQ ID NO:93); 
Gly Arg Ala Phe Val Thr He Gly Lys ( SEQ ID NO:94); 
Thr Pro Gly Pro Gly Val Arg Tyr Pro Leu ( SEQ ID NO:95); 
Gin Val Pro Leu Arg Pro Met Thr Tyr Lys ( SEQ ID NO:96); 
30 Thr Glu Met Glu Lys Glu Gly Lys lie ( SEQ ID NO:97); 
He Leu Lys Glu Pro Val His Gly Val ( SEQ ID NO:98); 
Val Glu Ala Glu lie Ala His Gin ne ( SEQ ID NO:99); 
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Arg Gly Tyr Val Tyr Gin Gly Leu ( SEQ ID NO: 100); 
Tyr Ser Gly Tyr lie Phe Arg Asp Leu ( SEQ ID NO: 101); 
Val Gly Pro Val Phe Pro Pro Gly Met ( SEQ ID NO: 102); 
He lie Tyr Arg Phe Leu Leu lie ( SEQ ID NO: 103); 
5 from bacteria: 

Lys Tyr Gly Val Ser Val Gin Asp lie ( SEQ ID NO: 104); 
He Gin Val Gly Asn Thr Arg Thr He ( SEQ ID NO: 105); 
Thr Pro His Pro Ala Arg He Gly Leu ( SEQ ID NO: 106); 
from parasites: 

10 Ser Tyr lie Pro Ser Ala Glu Lys He ( SEQ ID NO: 107); 

Lys Pro Lys Asp Glu Leu Asp Tyr ( SEQ ID NO: 108); 

Lys Ser Lys Asp Glu Leu Asp Tyr ( SEQ ID NO: 109); 

Lys Pro Asn Asp Lys Ser Leu Tyr ( SEQ ID NO: 1 10); 

Lys Tyr Leu Lys Lys He Lys Asn Ser Leu ( SEQ ID NO: 111); 
15 Tyr Glu Asn Asp He Glu Lys Lys lie ( SEQ ID NO: 112); 

Asn Tyr Asp Asn Ala Gly Thr Asn Leu ( SEQ ID NO: 1 13); 

Asp Glu Leu Asp Tyr Glu Asn Asp He ( SEQ ID NO: 1 14); 

Ser Tyr Val Pro Ser Ala Glu Gin He ( SEQ ID NO: 115); 

from cancers: 

20 Phe Glu Gin Asn Thr Ala Gin Pro( SEQ ID NO: 1 16); 

Phe Glu Gin Asn Thr Ala Gin Ala ( SEQ ID NO: 1 17); 

Glu Ala Asp Pro Thr Gly His Ser Tyr ( SEQ ID NO: 118); 

Glu Val Asp Pro He Gly His Leu Tyr ( SEQ ID NO: 1 19); 

Ala Ala Gly He Gly He Leu Thr Val ( SEQ ID NO: 120); 
25 Tyr Leu Glu Pro Gly Pro Val Thr Ala ( SEQ ID NO: 121); 

He Leu Asp Gly Thr Ala Thr Leu Arg Leu ( SEQ ID NO: 122); 

Met Leu Leu Ala Leu Leu Tyr Cys Leu ( SEQ ID NO: 123); 

Tyr Met Asn Gly Thr Met Ser Gin Val ( SEQ ID NO: 124); 

Leu Pro Tyr Leu Gly Trp Leu Val Phe ( SEQ ID NO: 125); 
30 Phe Gly Pro Tyr Lys Leu Asn Arg Leu ( SEQ ID NO: 126); 

Lys Ser Pro Trp Phe Thr Thr Leu ( SEQ ID NO: 127); 

Gly Pro Pro His Ser Asn Asn Phe Gly Tyr ( SEQ ID NO: 128); and 
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lie Ser Thr Gin Asn His Arg Ala Leu ( SEQ ID NO: 129) 
(Rammensee et al M Immunogenetics 41:178-223 (1995)), 
Xaa(Leu/Met)XaaXaaXaaXaaXaaXaaVal (SEQ ID NO:3) 
(Tarpey et al., Immunology 81:222-227 (1994)), 
Xaa(Val/Gln)XaaXaaXaaXaaXaaXaaLeu ( SEQ ID NO:4), 
for example, from virus: 

Tyr Gly He Leu Gly Lys Val Phe Thr Leu ( SEQ ID NO: 130); 
Ser Leu Tyr Asn Thr Val Ala Thr Leu ( SEQ ID NO: 13 1); 
(Barouch et al., J. Exp. Med. 182:1847-1856 (1995)). 

[0046] The foregoing epitopes are merely exemplary of selections available associated 
with various infectious diseases and cancer, and are provided without any intention 
whatsoever to be limiting. 

[0047] It may also be desirable to consider the type of immune response which is 
desired. For example, under certain circumstances, a humoral immune response may be 
appropriate. In other cases, and indeed where an immune response directed toward 
neoplastic cells or infected cells is sought to be elicited, a cellular immune response is 
particularly desirable. Accordingly, particular epitopes associated with the activation of B 
cells, T helper cells, or cytotoxic T cells may be identified and selected for incorporation 
into the hybrid antigen. 

[0048] It may also be desirable to utilize hybrid antigen associated with an autoimmune 
disease or allergy. Such a hybrid antigen may be administered, together with one or more 
heat shock proteins, in an amount sufficient to be tolerogenic or to inhibit a pre-existing 
immune response to the hybrid antigen in a subject. The amount of heat shock protein 
required to inhibit the immune response is expected to be substantially greater than the 
amount required for stimulation. 

[0049] Although the size of hybrid antigen may vary depending upon the heat shock 
protein used, in non-limiting embodiments of the invention, the hybrid antigen may be the 
size of a peptide having between 10 and 500 amino acid residues, and preferably be the size 
of a peptide having between 14 and 100, most preferably 18 and 50 amino acid residues. 
As such, it may be desirable to produce a fragment of an immunogen to serve as the 
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antigenic domain of a hybrid antigen, or, alternatively, to synthesize a hybrid antigen by 
chemical or recombinant DNA methods. 



[0050] Based on the foregoing considerations, a hybrid antigen may be prepared, and 
then tested for its ability to bind to heat shock protein. In some instances, binding of hybrid 
antigen to a particular heat shock protein may be facilitated by the presence of at least one 
other protein, which may be a heat shock protein. 

[005 1] For example, binding of hybrid antigen to a heat shock protein may be evaluated 
by labeling the hybrid antigen with a detectable label, such as a radioactive, fluorescent, 
enzymatic or pigmented label, combining the hybrid antigen with heat shock protein under 
conditions which would be expected to permit binding to occur, and then isolating the heat 
shock protein while removing any unbound hybrid antigen, and determining whether any 
labeled hybrid antigen had adhered to the heat shock protein. As a specific example, and 
not by way of limitation, the ability of a hybrid antigen to bind to the heat shock protein BiP 
may be evaluated by combining 2 ug BiP with up to about 1 150 pmole of radioactively 
labeled hybrid antigen in buffer containing 50 mM Tris HC1 (pH 7.5), 200 mM NaCl, and 
1 mM Na 2 EDTA, in a final volume of 50 ul, for 30 minutes at 37 degrees Centigrade. 
Unbound hybrid antigen may then be removed from bound BiP-hybrid antigen by 
centrifugation at lOOg by desalting through a 1 ml Sephadex-G column for 2 minutes. 
Penefsky, J. Biol. Chem. 252:2891 (1977). To prevent binding to the resin, columns may 
first be treated with 100 ul of bovine serum albumin in the same buffer and centrifuged as 
above. Bound hybrid antigen may then be quantitated by liquid scintillation counting. See 
Flynn et al., Science 245:385-390 (1989). 

[0052] Because ATP hydrolysis drives the release of peptides from many known heat 
shock proteins, the amount of ATPase activity may often be used to quantitate the amount 
of hybrid antigen binding to heat shock protein. An example of how such an assay may be 
performed is set forth in Flynn et al., Science 245:385-390 (1989). 

[0053] The heat shock protein-binding domain is selected so that the hybrid antigen will 
bind in vitro or in vivo to a heat shock protein such as BiP, hsp70, gp96, or hsp90, or a 
member of the foregoing heat shock protein families, alone or in combination with 
accessory heat shock proteins such as hsp40, or hsp60. 
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[0054] Non-limiting examples of peptides which fulfill this criterion may be identified by 
panning libraries of antigens known to bind well to one or more heat shock proteins as 
described in Blond-Elguindi et al., Cell 75:717-728 (1993): 
Leu Phe Trp Pro Phe Glu Trp lie ( SEQ ID NO: 132); 
5 AspGly ValGlySerPhelleGly ( SEQ ID NO: 133); 
Glu Ser Leu Trp Asn Pro Gin Cys ( SEQ ID NO: 134); 
Leu His Phe Asp Val Leu Trp Arg ( SEQ ID NO: 135); 
Cys His Leu Lys Met Val Pro Trp ( SEQ ID NO: 136); 
Asn Ser Val Leu Val Cys Glu Leu ( SEQ ID NO: 137); 
10 Asp Arg Gly His Ser Thr Tyr Ser ( SEQ ID NO: 138); 
Asp Val Trp Gly Trp Val Thr Trp ( SEQ ID NO: 1 39); 
He Gin Phe Arg Val Glu Leu Phe ( SEQ ID NO: 140); 
Leu Trp Leu Glu Leu Ser Leu Ser ( SEQ ID NO: 141); 
Val Gly lie Cys Ala Leu Phe Gly ( SEQ ID NO: 142); 
1 5 Pro Tyr Pro Ser Gly Leu Asp Ser ( SEQ ID NO: 143); 
Phe Trp Gly Val Leu Pro Tyr Pro ( SEQ ID NO: 144); 
Phe Thr His Gly He Ser Leu Tyr ( SEQ ID NO: 145); 
Asn His Ser Phe Gly Gly Ser Thr ( SEQ ID NO: 146); 
Val Asp Tyr Val Tyr Phe His His ( SEQ ID NO: 147); 
20 Phe Leu Asp He He Gly Tyr Gly ( SEQ ID NO: 148); 
Trp Asp Asp Leu Leu His Gly Arg ( SEQ ID NO: 149); 
Leu Arg Leu Leu Gly Thr Leu Asn ( SEQ ID NO: 150); 
Phe Glu Gin His Asn Gin Glu Pro ( SEQ ID NO: 151); 
Phe Val Gly Thr Val Thr Trp Ser ( SEQ ID NO: 152); 
25 Leu Trp Ala Leu Thr Tyr Arg Gly ( SEQ ID NO: 1 53); 
Ser Trp Gly Ser Asn Gly Gly Phe ( SEQ ID NO: 154); 
Asp Met Trp Arg Arg Ala Val Gin ( SEQ ID NO: 155); 
Cys Arg Val He Tyr His Ala Thr ( SEQ ID NO: 156); 
Met Val Val Ala Arg Cys Gly His ( SEQ ID NO: 157); 
30 His Met Trp He Asn Trp Val Gin ( SEQ ID NO: 158); 
Cys Ala Gly Arg Cys Phe Gly Tyr ( SEQ ID NO: 159); 
Cys Thr His Val Leu Ala Tyr Ser ( SEQ ID NO: 160); 
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Ser Trp Met Pro Trp Leu Thr Met ( SEQ ID NO: 161); 
Leu Glu Trp Cys lie Trp Arg Tyr ( SEQ ID NO: 162); 
Cys Leu Ala Cys He He His Ser ( SEQ ID NO: 163); 
Phe Trp Phe Pro Trp Asp Arg Ser ( SEQ ID NO: 164); 
5 Trp Arg Thr Gly Val Phe His Gly ( SEQ ID NO: 165); 
Met His Leu Arg Val Ala Asp Arg ( SEQ ID NO: 166); 
Ala Leu Asp Leu Tyr Leu Tyr Val ( SEQ ID NO: 167); 
Phe Phe Trp Phe Thr Leu Lys Glu ( SEQ ID NO: 168); 
Leu Ser Phe Ala Gly Trp Gly Val ( SEQ ID NO: 169); 
10 Met Met Met Leu Gly Arg Ala Pro ( SEQ ID NO: 170); 
Trp Ser Phe Tyr Thr Trp Leu Asn ( SEQ ID NO: 171); 
Phe Val Trp Met Arg Trp lie Asp ( SEQ ID NO: 172); 
Met Gin Val Asn Thr Pro Asp Asn ( SEQ ID NO: 173); 
Phe Trp Gly Trp Leu He Pro Trp ( SEQ ID NO: 174); 
15 Trp Gly Trp Val Trp Trp Asp ( SEQ ID NO: 175); 

Trp He Phe Pro Trp lie Gin Leu ( SEQ ID NO: 176); 

Trp Met Phe Asn Trp Pro Trp Tyr ( SEQ ID NO: 177); 

Met Asn Met He Val Leu Asp Lys ( SEQ ID NO: 178); 

Phe Trp Gly Trp Pro Gly Trp Ser ( SEQ ID NO: 179); 
20 Trp Leu He Arg Val Gly Thr Ala ( SEQ ID NO: 1 80); 

Gly Leu Leu Thr His Leu He Trp ( SEQ ID NO: 181); 

Leu Trp Trp Leu Asn Val His Gly ( SEQ ID NO: 182); 

Trp Trp Trp He Asn Asp Glu Ser ( SEQ ID NO: 183); 

Ala Asn Pro Ser Leu Ala Thr Tyr ( SEQ ID NO: 184); 
25 Trp Leu Gin Gly Trp Trp Gly Trp ( SEQ ID NO: 185); 

Met Met Pro Val Thr Ser Phe Arg ( SEQ ID NO: 186); 

Gly Trp Met Asp Trp Trp Tyr Tyr ( SEQ ID NO: 187); 

Leu Ala Ser Met Arg Asn Ser Met ( SEQ ID NO: 188); 

Asp Leu Met Arg Trp Leu Gly Leu ( SEQ ID NO: 189); 
30 Tyr Phe Tyr Ala Trp Trp Leu Asp ( SEQ ID NO: 190); 

Leu Gly His Leu Trp Thr Gin Val ( SEQ ID NO: 191); 

Leu Trp Trp Arg Asp Val Met Ala ( SEQ ID NO: 192); 
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Phe He Trp Trp Ala Pro Leu Ala ( SEQ ID NO: 193); 
Gly Ser Val Gly Gly Gly Val Val ( SEQ ID NO: 194); 
Asp Ser His Asp Asp Trp Arg Met ( SEQ ID NO: 195); 
Phe Trp Arg Phe Asp Tyr Tyr Phe ( SEQ ID NO: 196); 
5 Trp Thr Trp Trp Glu Trp Leu Ala ( SEQ ID NO: 197); 
Trp Leu Trp Asp Trp He Val Val ( SEQ ID NO: 198); 
Gly Trp Thr Trp Phe Phe Asp Met ( SEQ ID NO: 199); 
Ala Trp Trp Gin His Phe He Val ( SEQ ID NO:200); 
Leu Trp Trp Asp He lie Thr Gly ( SEQ ID NO:201); 
10 Phe Thr Tyr Gly Ser Arg Trp Leu ( SEQ ID NO:202); 
Phe Ser Leu Trp Pro Leu Ala Trp ( SEQ ID NO:203); 
Gly lie He Leu Gly Tyr Asn Val ( SEQ ID NO:204); 
Ser Trp Met Thr Trp lie Glu His ( SEQ ID NO:205); 
Gly Trp Trp Val Thr Trp Pro Trp ( SEQ ED NO: 206); 
15 Val Val Ser Pro Trp Trp Leu Gly ( SEQ ID NO:207); 
Asn Val Leu Ser Arg Gly Phe Ser ( SEQ ID NO:208); 
Ser Phe Glu Ser Leu Gly Gly Leu ( SEQ ED NO:209); 
lie Thr Lys Gly Ser Ser Phe Pro ( SEQ ED NO:210); 
Leu Asp Trp Ala Arg Lys Leu Arg ( SEQ ID NO:21 1); 
20 Thr Ala Trp Asn Leu Leu Gly Tyr ( SEQ ID NO:212); 
Phe Gly Gin Gly lie Lys His Val ( SEQ ED NO:213); 

Asp Val Val Trp Gin Arg Leu Leu ( SEQ ED NO:214); 

Tyr Val Asp Arg Phe He Gly Trp ( SEQ ED NO:215); 

Lys Met Ala Arg Pro Glu Gly Asn ( SEQ ED NO:216); 
25 Leu Gly Arg Trp Gly His Glu Ser ( SEQ ED NO:217); 

Ser He Trp Ser Leu Leu Val Leu ( SEQ ED NO:218); 

Val Trp Leu Asp Leu Leu Leu Ser ( SEQ ED NO:219); 

Tyr Leu Thr Asp Ser Leu Phe Gly ( SEQ ED NO:220); 

Thr Trp Trp Pro Ser He Thr Trp ( SEQ ED NO:221); 
30 Tyr Gly Leu Trp Trp Phe Pro Trp ( SEQ ED NO:222); 

Phe Ser Pro Ala Asp Thr Arg Tyr ( SEQ ID NO:223); 

Cys Asn Arg Leu Gin He Asp Cys ( SEQ ID NO:224); 
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Ser Leu Val Ala Ala Arg Asn Leu ( SEQ ID NO:225); 
Phe Thr He His Asn Val Ala Val ( SEQ ID NO:226); 
Met Gly Pro Leu Gly Pro Leu Leu ( SEQ ID NO:227); 
Arg Gin Leu Ser Glu Leu Phe Val ( SEQ ID NO:228); 
5 Arg Val Val Cys Gin Ala Leu Leu ( SEQ ID NO:229); 
Trp Pro His Leu Trp Trp Leu Asp ( SEQ ID NO:230); 
Trp Met Asp Trp Val Trp His Thr ( SEQ ID NO:231); 
Trp Trp Gly Tyr Leu He Cys Gin ( SEQ ID NO:232); 
Phe Arg Gly Leu Ser Glu Gly Pro ( SEQ ID NO:233); 
10 Ser Trp Phe Asp Trp Leu Val Ala ( SEQ ID NO:234); 
Val Val Met Trp Tyr Ser Val Asp ( SEQ ID NO:235); 
Trp Gly Trp Ser Leu Ala Thr ( SEQ ID NO:236); 
Leu Gly Trp Phe Asp Arg Phe Phe ( SEQ ID NO:237); 
Ala Trp Trp Trp Pro Thr Tyr Val ( SEQ ID NO:238); 
1 5 Gly Phe Leu Ser Ser Trp Phe Leu ( SEQ ID NO:239); 
Gly Val He Asn Cys Ala Gly Thr ( SEQ HO NO:240); 
Val Cys Ala Arg Ala Ala His Leu ( SEQ ID NO:241); 
Gly Asn Ser Tyr Gly Asp Gly Gly ( SEQ ID NO:242); 
Gly Phe Leu Ser Ser Trp Phe Leu ( SEQ ID NO:243); 
20 Phe Asp Gin Pro Gly Arg Phe Leu ( SEQ ID NO:244); 
Arg Ser His Ala Thr Gly Val Val ( SEQ ID NO:245); 
Gly Tyr Trp Ala Met Met Ser Trp ( SEQ ID NO:246); 
Cys His Ser Met Trp Asp Gly Leu ( SEQ ID NO:247); 
Phe He Trp Arg Gly Trp Pro His ( SEQ ID NO:248); 
25 Leu Ser Phe Leu Gly Gly Arg Leu ( SEQ ID NO:249); 
Phe Ser Gly Val Arg Gin Pro Asn ( SEQ ID NO:250); 
Trp Gly Trp Met Pro Phe Tyr Tyr ( SEQ ID NO:251); 
Phe Thr Arg Pro Ala Val Val Asp ( SEQ ID NO:252); 
Asp Leu Trp Thr Trp Leu Gly Leu ( SEQ ID NO:253); 
30 Cys Asp Thr Ala Ala Val Ala Asp ( SEQ ID NO:254); 
Trp Trp Val Lys His His Met Leu ( SEQ ID NO:255); 
He Ala Phe Leu Arg Asp Asn Arg ( SEQ ID NO:256); 
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Leu Ala Arg Pro Asp His Tyr Ser ( SEQ ID NO:257); 
Met Glu Ser Lys Arg Trp Thr Val ( SEQ ID NO:258); 
Met lie Leu Lys Gly Tyr Ser Arg ( SEQ ID NO:259); 
Ala Pro Ser Asp Tyr Asp Glu Ser ( SEQ ID NO:260); 
5 His Trp Leu Arg Ser Lys Arg Thr ( SEQ ID NO:261); 
Gly Ala Arg Val Trp Asn Tyr Gin ( SEQ ID NO:262); 
Leu Ser Asn Trp Asn Met Arg Leu ( SEQ ID NO:263); 
Cys Gly Ala Ala Gin Gin Gly Met ( SEQ ID NO:264); and 

Gly Ser Ser Met Val Val Gin Arg ( SEQ ID NO:265). Using this technique, Blond- 
10 Elguindi have concluded that the heat shock protein BiP recognizes polypeptides that 

contain a heptameric region having the sequence 

Hy(Trp/X)HyXHyXHy ( SEQ ID NO:7) 

where Hy represents a hydrophobic amino acid residue, particularly tryptophan, leucine or 

phenylalanine ( SEQ ID NO: 8), and X is any amino acid. High affinity heat-shock protein- 
15 binding sequences incorporating this motif include: 

His Trp Asp Phe Ala Trp Pro Trp ( SEQ ID NO:266); and 

Phe Trp Gly Leu Trp Pro Trp Glu ( SEQ ID NO:267). 

[0055] Other heat shock protein binding motifs have also been identified. For example, 
Auger et al., Nature Medicine 2:306-310 (1996) have identified two pentapeptide binding 

20 motifs 

Gin Lys Arg Ala Ala (SEQ ID NO:5) and 
Arg Arg Arg Ala Ala (SEQ ID NO:6) 
in HLA-DR types associated with rheumatoid arthritis which bind to heat shock proteins. 
Heat shock binding motifs have also been identified as consisting of seven to fifteen residue 
25 long peptides which are enriched in hydrophobic amino acids. 

Lys Arg Gin He Tyr Asp Leu Glu Met Asn Arg Leu Gly Lys ( SEQ ID NO:269); 
Leu Ser Ser Leu Phe Arg Pro Lys Arg Arg Pro He Tyr Lys Ser ( SEQ ID NO.270); 
Lys Leu He Gly Val Leu Ser Ser Leu Phe Arg Pro Lys ( SEQ ID NO:271); 
Arg Arg Pro He Tyr Lys Ser Asp Val Gly Met Ala His Phe Arg ( SEQ ID NO:272); 
30 Cys Lys He Gin Ser Thr Pro Val Lys Gin Ser ( SEQ ID NO:273); 
Tyr His Cys Asp Gly Phe Gin Asn Glu ( SEQ ID NO:274); 
Val Gly He Asp Leu Gly Thr Thr Tyr Ser Cys ( SEQ ID NO:275); 
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Ser Asn Gly Ser Leu Gin Cys Arg lie Cys ( SEQ ID NO:276) 
(Flynn et al., Science 245: 385-390 (1989)), 

[0056] Moreover, other heat shock protein binding peptides include: 
5 Gly Lys Trp Val Tyr He ( SEQ ID NO:277); 
Ala Lys Arg Glu Thr Lys ( SEQ ID NO:278); 
Lys Trp Val His Leu Phe ( SEQ ID NO:279); 
Arg Leu Val Leu Val Leu ( SEQ ID NO:280); 
Trp Lys Trp Gly He Tyr ( SEQ ID NO:281); 
10 Ser Ser His Ala Ser Ala ( SEQ ID NO:282); 
Trp Gly Pro Trp Ser Phe (1 SEQ ID NO:283); 
Ala He Pro Gly Lys Val ( SEQ ID NO:284); 
Arg Val His Asp Pro Ala ( SEQ ID NO:285); 
Arg Ser Val Ser Ser Phe ( SEQ ID NO:286); 
1 5 Leu Gly Thr Arg Lys Gly ( SEQ ID NO:287); 
Lys Asp Pro Leu Phe Asn ( SEQ ID NO:288); 
Leu Ser Gin His Thr Asn ( SEQ ID NO:289); 
Asn Arg Leu Leu Leu Thr ( SEQ ID NO:290); 
Tyr Pro Leu Trp Val He ( SEQ ID NO:291); 
20 Leu Leu lie lie Asp Arg ( SEQ ID NO:292); 
Arg Val He Ser Leu Gin ( SEQ ID NO:293); 
Glu Val Ser Arg Glu Asp ( SEQ ID NO:294); 
Ser He Leu Arg Ser Thr ( SEQ ID NO:295); 
Pro Gly Leu Val Trp Leu (4 SEQ ID NO:296); 
25 Val Lys Lys Leu Tyr He ( SEQ ID NO:297); 
Asn Asn Arg Leu Leu Asp ( SEQ ID NO:298); 
Ser Lys Gly Arg Trp Gly ( SEQ ID NO:299); 
He Arg Pro Ser Gly He ( SEQ ID NO:300); 
Ala Ser Leu Cys Pro Thr ( SEQ ID NO:301); 
30 Asp Val Pro Gly Leu Arg ( SEQ ID NO:302); 
Arg His Arg Glu Val Gin ( SEQ ID NO:303); 
Leu Ala Arg Lys Arg Ser ( SEQ ID NO:304); 
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Ser Val Leu Asp His Val ( SEQ ID NO:305); 
Asn Leu Leu Arg Arg Ala ( SEQ ID NO:306); 
Ser Gly lie Ser Ala Trp ( SEQ ID NO.307); 
Phe Tyr Phe Trp Val Arg ( SEQ ID NO:308); 
5 Lys Leu Phe Leu Pro Leu (S SEQ ID NO:309); 
Thr Pro Thr Leu Ser Asp ( SEQ ID NO:310); 
Thr His Ser Leu He Leu ( SEQ ID NO:3 1 1); 
Leu Leu Leu Leu Ser Arg ( SEQ ID NO:312); 
Leu Leu Arg Val Arg Ser ( SEQ ID NO:313); 
10 Glu Arg Arg ser Arg Gly ( SEQ ID NO:314); 
Arg Met Leu Gin Leu Ala ( SEQ ID NO:3 15); 

Age Gly Trp Ala Asn Ser ( SEQ ID NO:316); 

Arg Pro Phe Tyr Ser Tyr ( SEQ ID NO:317); 

Ser Ser Ser Trp Asn Ala ( SEQ ID NO:318); 
15 Leu Gly His Leu Glu Glu ( SEQ ID NO:319); 

Ser Ala Val Thr Asn Thr ( SEQ ID NO:320); 

Leu Arg Arg Ala Ser Leu ( SEQ ID NO:321); 

Leu Arg Arg Trp Ser Leu ( SEQ ID NO:322); 

Lys Trp Val His Leu Phe ( SEQ ID NO:323); 
20 Asn Arg Leu Leu Leu Thr ( SEQ ID NO:324); 

Ala Arg Leu Leu Leu Thr ( SEQ ID NO:325); 

Asn Ala Leu Leu Leu Thr ( SEQ ID NO:326); 

Asn Arg Leu Ala Leu Thr ( SEQ ID NO:327); 

Asn Leu Leu Arg Leu Thr ( SEQ ID NO:328); 
25 Asn Arg Leu Trp Leu Thr ( SEQ ID NO:329); 

Asn Arg Leu Leu Leu Ala ( SEQ ID NO:330); 

Met Gin Glu Arg He Thr Leu Lys Asp Tyr Ala Met ( SEQ ID NO:33 1); 
Leu Arg Arg Trp Ser Leu Gly ( SEQ ID NO:332; 
Lys Trp Val His Leu Phe Gly ( SEQ ID NO:333); 
30 Asn Arg Leu Leu Leu Thr Gly ( SEQ ID NO:334); 
Ala Arg Leu Leu Leu Thr Gly ( SEQ ID NO:335); 
Asn Ala Leu Leu Leu Thr Gly ( SEQ ED NO:336); 
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Asn Arg Leu Ala Leu Thr Gly ( SEQ ID NO:337); 
Asn Leu Leu Arg Leu Thr Gly ( SEQ ID NO:338); 
Asn Arg Leu Trp Leu Thr Gly ( SEQ ID NO:339); 
Asn Arg Leu Leu Leu Ala Gly ( SEQ ID NO:340); 
5 Gly Lys Trp Val Tyr He Gly ( SEQ ID NO:341); 
Ala Lys Arg Glu Thr Lys Gly ( SEQ ID NO:342); 
Lys Trp Val His Leu Phe Gly ( SEQ ID NO:343); 
Arg Leu Val Leu Val Leu Gly ( SEQ ID NO:344); 
Trp Lys Trp Gly He Tyr ( SEQ ID NO:345); 
10 Ser Ser His Ala Ser Ala ( SEQ ID NO:346); 
Trp Gly Pro Trp Ser Phe ( SEQ ID NO:347); 
Ala lie Pro Gly Lys Val ( SEQ ID NO:348); 
Arg Val His Asp Pro Ala Gly ( SEQ ID NO:349); 
Arg Ser Val Ser Ser Phe Gly ( SEQ ID NO:350); 
15 Leu Gly Thr Arg Lys Gly Gly ( SEQ ID NO:351); 
Lys Asp Pro Leu Phe Asn Gly ( SEQ ID NO:352); 
Leu Ser Gin His Thr Asn Gly ( SEQ ID NO:353); 
Asn Arg Leu Leu Leu Thr Gly ( SEQ ID NO:354); 
Tyr Pro Leu Trp Val He Gly ( SEQ ID NO:355); 
20 Leu Leu He He Asp Arg Gly ( SEQ ID NO:356); 
Arg Val He Ser Leu Gin Gly ( SEQ ID NO:357); 
Glu Val Ser Arg Glu Asp Gly ( SEQ ID NO:358); 
Ser He Leu Arg Ser Thr Gly ( SEQ ID NO:359); 
Pro Gly Leu Val Trp Leu Gly ( SEQ ID NO:360); 
25 Val Lys Lys Leu Tyr He Gly ( SEQ ID NO:361); 
Asn Asn Arg Leu Leu Asp Gly ( SEQ ID NO:362); 
Ser Lys Gly Arg Trp Gly Gly ( SEQ ID NO:363); 
lie Arg Pro Ser Gly He Gly ( SEQ ID NO:364); 
Ala Ser Leu Cys Pro Thr Gly ( SEQ ID NO:365); 
30 Asp Val Pro Gly Leu Arg Gly ( SEQ ID NO:366); 
Arg His Arg Glu Val Gin Gly ( SEQ ID NO:367); 
Leu Ala Arg Lys Arg Ser Gly ( SEQ ID NO:368); 
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Ser Val Leu Asp His Val Gly ( SEQ ID NO:369); 
Asn Leu Leu Arg Arg Ala Gly ( SEQ ID NO:370); 
Ser Gly lie Ser Ala Trp Gly ( SEQ ID NO:371); 
Phe Tyr Phe Trp Val Arg Gly ( SEQ ID NO:372); 
5 Lys Leu Phe Leu Pro Leu Gly ( SEQ ID NO:373); 
Thr Pro Thr Leu Ser Asp Gly ( SEQ ID NO:374); 
Thr His Ser Leu He Leu Gly ( SEQ ID NO:375); 
Leu Leu Leu Leu Ser Arg Gly ( SEQ ID NO:376); 

Leu Leu Arg Val Arg Ser Gly ( SEQ ID NO:377); 
10 Glu Arg Arg ser Arg Gly Gly ( SEQ ID NO:378); 

Arg Met Leu Gin Leu Ala Gly ( SEQ ID NO:379); 

Age Gly Trp Ala Asn Ser Gly ( SEQ ID NO:380); 

Arg Pro Phe Tyr Ser Tyr Gly ( SEQ ID NO:381); 

Ser Ser Ser Trp Asn Ala Gly ( SEQ ID NO:382); 
15 Leu Gly His Leu Glu Glu Gly ( SEQ ID NO:383); and 

Ser Ala Val Thr Asn Thr Gly ( SEQ ID NO:384); as described by Gragerov et al., J. Molec. 

Biol. 235:848-854 (1994). 

[0057] Other heat shock protein binding domains include Phe Tyr Gin Leu Ala Leu 
Thr(SEQ ID NO:385), Phe Tyr Gin Leu Ala Leu Thr Trp (SEQ ID NO:386), Arg Lys Leu 
20 Phe Phe Asn Leu Arg (SEQ ID NO:387), Arg Lys Leu Phe Phe Asn Leu Arg Trp 

(SEQ ID NO:388), Lys Phe Glu Arg Gin (SEQ ID NO:389), Asn lie Val Arg Lys Lys Lys 
(SEQ ID NO:390), and Arg Gly Tyr Val Tyr Gin Gly Leu (SEQ ID NO:391). 

[0058] Moreover, other heat shock protein binding domains include those described in 
WQ9922761. Xaa represents any amino acid. 



25 HTTVYGAG ( SEQ ID NO:392); 

TETPYPTG ( SEQ ID NO:393); 

LTTPFSSG ( SEQ ID NO:394); 

GVPLTMDG ( SEQ ID NO:395); 

KLPTVLRG ( SEQ ID NO:396); 
30 CRFHGNRG ( SEQ ID NO:397); 
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YTRDFEAG ( SEQ ID NO:398); 
SSAAGPRG ( SEQ ID NO:399); 
SLIQYSRG ( SEQ ID NO:400); 
DALMWP Xaa G ( SEQ ID NO.401); 
5 SS Xaa SLYIG ( SEQ ID NO:402); 
FNTSTRTG ( SEQ ID NO:403); 
TVQHVAFG ( SEQ ID NO:404); 
DYSFPPLG ( SEQ ID NO:405); 
VGSMESLG ( SEQ ID NO:406); 
10 FXaaPMIXaaSG ( SEQ ID NO:407); 
APPRVTMG ( SEQ ID NO:408); 
IATKTPKG ( SEQ ID NO:409); 
KPPLFQIG ( SEQ ID NO:410); 
YHTAHNMG ( SEQ ID NO:411); 
15 SYIQATHG ( SEQ ID NO:412); 
SSFATFLG ( SEQ ID NO:413); 
TTPPNFAG (SEQIDNO:414); 
ISLDPRMG (SEQIDNO:415); 
SLPLFGAG ( SEQ ID NO:416); 
20 NLLKTTLG ( SEQ ID NO:417); 
DQNLPRRG ( SEQ ID NO:418); 
SHFEQLLG ( SEQ ID NO:419); 
TPQLHHGG ( SEQ ID NO:420); 
APLDRITG ( SEQ ID NO:421); 
25 FAPLIAHG ( SEQ ID NO:422); 
SWIQTFMG ( SEQ ID NO:423); 
NTWPHMYG ( SEQ ID NO:424); 
EPLPTTLG ( SEQ ID NO:425); 
HGPHLFNG ( SEQ ID NO:426); 
30 YLNSTLAG ( SEQ ID NO:427); 
HLHSPSGG ( SEQ ID NO:428); 
TLPHRLNG ( SEQ ID NO:429); 
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SSPREVHG ( SEQ ID NO.430); 
NQVDTARG ( SEQ ID NO:431); 
YPTPLLTG ( SEQ ID NO:432); 
HPAAFPWG ( SEQ ID NO:433); 
5 LLPHSS AG ( SEQ ID NO:434); 
LETYTASG ( SEQ ID NO:435); 
KYVPLPPG ( SEQ ID NO:436); 
APLALHAG ( SEQ ID NO:437); 
YESLLTKG ( SEQ ID NO:438); 
10 SHAASGTG ( SEQ ID NO:439); 
GLATVKSG ( SEQ ID NO:440); 
GATSFGLG ( SEQ ID NO:441); 
KPPGPVSG ( SEQ ID NO:442); 
TLYVSGNG ( SEQ ID NO:443); 
15 HAPFKSQG ( SEQ ID NO:444); 
VAFTRLPG ( SEQ ID NO:445); 
LPTRTPAG ( SEQ ID NO-.446); 
ASFDLLIG ( SEQ ID NO:447); 
RMNTEPPG ( SEQ ID NO:448); 
20 KMTPLTTG ( SEQ ID NO:449); 
ANATPLLG ( SEQ ID NO:450); 
TrWPPPVG ( SEQ ID NO:451); 
QTKVMTTG ( SEQ ID NO:452); 
NHAVFASG ( SEQ ID NO:453); 
25 LHAA Xaa TSG ( SEQ ID NO:454); 
TWQPYFHG ( SEQ ID NO.455); 
APLALHAG ( SEQ ID NO:456); 
TAHDLTVG ( SEQ ID NO:457); 
NMTNMLTG ( SEQ ID NO:458); 
30 GSGLSQDG ( SEQ ID NO:459); 
TPIKTIYG ( SEQ ID NO:460); 
SHLYRSSG ( SEQ ID NO:461); 



YTLVQPL ( SEQ ID NO:462); 
TPDITPK ( SEQ ID NO:463); 
TYPDLRY ( SEQ ID NO:464); 
DRTHATS ( SEQ ID NO:465); 
5 MSTTFYS ( SEQ ID NO:466); 
YQHAVQT ( SEQ ID NO:467); 
FPFSAST ( SEQ ID NO:468); 
SSFPPLD ( SEQ ID NO:469); 
MAPSPPH ( SEQ ID NO:470); 
10 SSFPDLL ( SEQ ID NO:471); 
HSYNRLP ( SEQ ID NO:472); 
HLTHSQR ( SEQ ID NO:473); 
QAAQSRS ( SEQ ID NO:474); 
FATHHIG ( SEQ ID NO:475); 
15 SMPEPLI ( SEQ ID NO:476); 
IPRYHLI ( SEQ ID NO:477); 
SAPHMTS ( SEQ ID NO:478); 
KAPVWAS ( SEQ ID NO:479); 
LPHWLLI ( SEQ ID NO:480); 
20 ASAGYQI ( SEQ ID NO:481); 
VTPKTGS ( SEQ ID NO:482); 
EHPMPVL ( SEQ ID NO:483); 
VSSFVTS ( SEQ ID NO:484); 
STHFTWP ( SEQ ID NO:485); 
25 GQWWSPD ( SEQ ID NO:486); 
GPPHQDS ( SEQ ID NO:487); 
NTLPSTI ( SEQ ID NO:488); 
HQPSRWV ( SEQ ID NO:489); 
YGNPLQP ( SEQ ID NO:490); 
30 FHWWWQP ( SEQ ID NO:491); 
ITLKYPL ( SEQ ID NO:492); 
FHWPWLF ( SEQ ED NO:493); 



TAQDSTG ( SEQ ID NO:494); 
FHWWWQP ( SEQ ID NO-.495); 
FHWWDWW ( SEQ ID NO:496); 
EPFFRMQ ( SEQ ID NO:497); 
5 TWWLNYR ( SEQ ID NO:498); 
FHWWWQP ( SEQ ID NO:499); 
QPSHLRW ( SEQ ID NO:500); 
SPASPVY ( SEQ ID NO:501); 
FHWWWQP ( SEQ ID NO:502); 
10 HPSNQAS ( SEQ ID NO:503); 
NSAPRPV ( SEQ ID NO.504); 
QLWSIYP ( SEQ ID NO:505); 
SWPFFDL ( SEQ ID NO:506); 
DTTLPLH ( SEQ ID NO:507); 
15 WHWQMLW ( SEQ ID NO.508); 
DSFRTPV ( SEQ ID NO:509); 
TSPLSLL (SEQIDNO:510); 
AYNYVSD (SEQIDNO:511); 
RPLHDPM ( SEQ ID NO:512); 
20 WPSTTLF ( SEQ ID NO:513); 
ATLEPVR ( SEQ ID NO:514); 
SMTVLRP (SEQIDNO:515); 
QIGAPSW ( SEQ ID NO:516); 
APDLYVP ( SEQ ID NO:517); 
25 RMPPLLP ( SEQ ID NO:518); 
AKATPEH ( SEQ ID NO:519); 
TPPLRIN ( SEQ ID NO:520); 
LPfflAPH ( SEQ ID NO:521); 
DLNAYTH ( SEQ ID NO:522); 
30 VTLPNFH ( SEQ ID NO:523); 
NSRLPTL ( SEQ ID NO:524); 
YPHPSRS ( SEQ ID NO:525); 



GTAHFMY ( SEQ ID NO: 526); 
YSLLPTR ( SEQ ID NO:527); 
LPRRTLL ( SEQ ID NO:528); 
TSTLLWK ( SEQ ID NO:529); 
5 TSDMKPH ( SEQ ID NO:530); 
TSSYLAL (SEQIDNO-.531); 
NLYGPHD ( SEQ ID NO:532); 
LETYTAS ( SEQ ID NO-.533); 
AYKSLTQ ( SEQ ID NO:534); 
10 STSVYSS ( SEQ ID NO:535); 
EGPLRSP ( SEQ ID NO:536); 
TTYHALG ( SEQ ID NO:537); 
VSIGHPS ( SEQ ID NO:538); 
THSHRPS ( SEQ ID NO:539); 
15 ITNPLTT ( SEQ ID NO:540); 
SIQAHHS ( SEQ ID NO:541); 
LNWPRVL ( SEQ ID NO.542); 
YYYAPPP ( SEQ ID NO:543); 
SLWTRLP ( SEQ ID NO:544); 
20 NVYHSSL ( SEQ ID NO:545); 
NSPHPPT ( SEQ ID NO:546); 
VPAKPRH ( SEQ ID NO:547); 
HNLHPNR ( SEQ ID NO:548); 
YTTHRWL ( SEQ ID NO:549); 
25 AVTAAIV ( SEQ ID NO:550); 
TLMHDRV ( SEQ ID NO:551); 
TPLKVPY ( SEQ ID NO:552); 
FTNQQYH ( SEQ ID NO:553); 
SHVPSMA ( SEQ ID NO:554); 
30 HTTVYGA ( SEQ ID NO:555); 
TETPYPT ( SEQ ID NO: 556); 
LTTPFSS ( SEQ ID NO:557); 



GVPLTMD ( SEQ ID NO:558); 
KLPTVLR ( SEQ ID NO:559); 
CRFHGNR ( SEQ ID NO:560); 
YTRDFEA ( SEQ ID NO:561); 
5 SSAAGPR ( SEQ ID NO:562); 
SLIQYSR ( SEQ ID NO:563); 
DALMWP Xaa ( SEQ ID NO:564); 
SS Xaa SLYI ( SEQ ID NO:565); 
FNTSTRT ( SEQ ID NO:566); 
10 TVQHVAF ( SEQ ID NO:567); 
DYSFPPL ( SEQ ID NO:568); 
VGSMESL ( SEQ ID NO:569); 
FXaaPMIXaaS ( SEQ ID NO:570); 
APPRVTM (SEQIDNO-.571); 
15 IATKTPK ( SEQ ID NO:572); 
KPPLFQI ( SEQ ID NO:573); 
YHTAHNM ( SEQ ID NO:574); 
SYIQATH ( SEQ ID NO:575); 
SSFATFL ( SEQ ID NO:576); 
20 TTPPNFA ( SEQ ID NO:577); 
ISLDPRM ( SEQ ID NO:578); 
SLPLFGA ( SEQ ID NO:579); 
NLLKTTL ( SEQ ID NO.580); 
DQNLPRR ( SEQ ID NO:581); 
25 SHFEQLL ( SEQ ID NO:582); 
TPQLHHG ( SEQ ID NO:583); 
APLDRIT ( SEQ ID NO:584); 
FAPLIAH ( SEQ ID NO:585); 
SWIQTFM ( SEQ ID NO:586); 
30 NTWPHMY ( SEQ ID NO:587); 
EPLPTTL ( SEQ ID NO:588); 
HGPHLFN ( SEQ ID NO:589); 
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YLNSTLA ( SEQ ID NO:590); 
HLHSPSG ( SEQ ID NO:591); 
TLPHRLN ( SEQ ID NO:592); 
SSPREVH ( SEQ ID NO:593); 
5 NQVDTAR ( SEQ ID NO:594); 
YPTPLLT ( SEQ ID NO:595); 
HPAAFPW ( SEQ ID NO:596); 
LLPHSSA ( SEQ ID NO:597); 
LETYTAS ( SEQ ID NO:598); 
10 KYVPLPP ( SEQ ID NO:599); 
APLALHA ( SEQ ID NO:600); 
YESLLTK ( SEQ ID NO:601); 
SHAASGT ( SEQ ID NO.602); 
GLATVKS ( SEQ ID NO.603); 
15 GATSFGL ( SEQ ID NO:604); 
KPPGPVS ( SEQ ID NO:605); 
TLYVSGN ( SEQ ID NO:606); 
HAPFKSQ ( SEQ ID NO.607); 
VAFTRLP ( SEQ ID NO:608); 
20 LPTRTPA ( SEQ ID NO:609); 
ASFDLLI ( SEQ ID NO.610); 
RMNTEPP ( SEQ ID NO:61 1); 
KMTPLTT ( SEQ ID NO-.612); 
ANATPLL ( SEQ ID NO:613); 
25 TIWPPPV (SEQIDNO:614); 
QTKVMTT ( SEQ ID NO:615); 
NHAVFAS ( SEQ ID NO:616); 
LHAA Xaa TS ( SEQ ID NO:617); 
TWQPYFH ( SEQ ID NO:618); 
30 APLALHA ( SEQ ID NO:619); 
TAHDLTV ( SEQ ID NO:620); 
NMTNMLT ( SEQ ID NO:621); 



GSGLSQD ( SEQ ID NO:622); 
TPIKTiY ( SEQ ID NO:623); 
SHLYRSS ( SEQ ID NO:624); 
HGQAWQF ( SEQ ID NO:625); and 
5 FHWWW ( SEQ ID NO:626). 

[0059] The aforementioned heat shock protein binding domains are merely exemplary of 
various peptides, among peptide and non-peptide heat shock protein binding molecules, that 
may be used in the practice of the present invention. In other embodiments, the heat shock 
protein binding domain may be directed to bind to a different part of the mammalian heat 
10 shock protein that those aforementioned, and the heat shock protein-binding domains of the 
invention are not limited to binding to any particular portion of the heat shock protein 
molecule. In a non-limiting example, the peptide IFAGIKKKAERADLIAYLKQATAK 
(Greene et al., 1995, J. Biol. Chem. 270:2967-2973; SEQ ID NO:627) or a heat shock 
protein-binding fragment of this peptide, is used in any of the conjugates of the invention to 
15 facilitate the binding of a pre-selected molecule to a heat shock protein. In addition to the 
aforementioned peptides that bind to heat shock proteins, the binding may be achieved 
through the use of an organic molecule or compound with heat shock protein binding 
activity. For example, suitable molecules include members of the benzoquinone ansamycin 
antibiotics, such as herbimycin A, geldanamycin, macmimycin I, mimosamycin, and 
20 kuwaitimycin (Omura et al., 1979, J. Antibiotics 32:255-261; see also W09922761, 
incorporated by reference herein in its entirety), or structurally related compounds, and 
analogs or derivatives thereof. These molecules may be conjugated though established 
chemical means to the antigenic domains of the invention, via the peptide linker, to produce 
hybrid antigens capable of binding to a heat shock protein in vitro or in vivo and eliciting an 
25 immune response to the antigen present therein. 

[0060] As described in co-pending and commonly-owned application serial no. 
10/776,521, filed February 12, 2004, incorporated herein by reference in its entirety, it has 
been found that incorporation of a tryptophan residue (Trp, or single amino acid code W) at 
the C-terminus of the heat shock protein binding domains such as but not limited to those 
30 identified as described above, enhances binding to heat shock proteins. Increased binding to 
heat shock proteins has been found to increase the ability of hybrid antigens to induce an 
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immune response to the antigenic domain of the hybrid antigen, whether administered m a 
complex with a heat shock protein or when administered alone. Increased immune response 
is correlated with increased efficacy of treating disease.Other examples of methods for 
determining affinity are described in PCT/US96/13363 (WO9706821), which is 
5 incorporated herein by reference in its entirety. 

[0061] Among the foregoing selection of heat shock protein binding domains, those 
preferred in the present invention as part of a hybrid antigen comprising an antigenic 
domain and peptide linker of the invention there between includes the following heat shock 
protein binding domains: 

10 [0062] Gly Lys Trp Val Tyr lie Gly Trp ( SEQ ID NO:628); 
Ala Lys Arg Glu Thr Lys Gly Trp ( SEQ ID NO:629); 
Lys Trp Val His Leu Phe Gly Trp ( SEQ ID NO:630); 
Arg Leu Val Leu Val Leu Gly Trp ( SEQ ID NO:63 1); 
Trp Lys Trp Gly He Tyr Gly Trp ( SEQ ID NO:632); 
15 Ser Ser His Ala Ser Ala Gly Trp ( SEQ ID NO:633); 
Trp Gly Pro Trp Ser Phe Gly Trp ( SEQ ID NO:634); 
Ala He Pro Gly Lys Val Gly Trp ( SEQ ID NO:635); 
Arg Val His Asp Pro Ala Gly Trp ( SEQ ID NO:636); 
Arg Ser Val Ser Ser Phe Gly Trp ( SEQ ID NO:637); 
20 Leu Gly Thr Arg Lys Gly Gly Trp ( SEQ ID NO:638); 
Lys Asp Pro Leu Phe Asn Gly Trp ( SEQ ID NO:639); 
Leu Ser Gin His Thr Asn Gly Trp ( SEQ ID NO:640); 
Asn Arg Leu Leu Leu Thr Gly Trp ( SEQ ID NO:641); 
Tyr Pro Leu Trp Val lie Gly Trp ( SEQ ID NO:642); 
25 Leu Leu He lie Asp Arg Gly Trp ( SEQ ID NO:643); 
Arg Val He Ser Leu Gin Gly Trp ( SEQ ID NO:644); 
Glu Val Ser Arg Glu Asp Gly Trp ( SEQ ID NO:645); 
Ser He Leu Arg Ser Thr Gly Trp ( SEQ ID NO:646); 
Pro Gly Leu Val Trp Leu Gly Trp ( SEQ ID NO:647); 
30 Val Lys Lys Leu Tyr ne Gly Trp ( SEQ ID NO:648); 
Asn Asn Arg Leu Leu Asp Gly Trp ( SEQ ID NO:649); 
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Ser Lys Gly Arg Trp Gly Gly Trp ( SEQ ID NO:650); 
He Arg Pro Ser Gly lie Gly Trp ( SEQ ID NO:651); 
Ala Ser Leu Cys Pro Thr Gly Trp ( SEQ ID NO:652); 
Asp Val Pro Gly Leu Arg Gly Trp ( SEQ ID NO:653); 
5 Arg His Arg Glu Val Gin Gly Trp ( SEQ ID NO:654); 
Leu Ala Arg Lys Arg Ser Gly Trp ( SEQ ID NO:655); 
Ser Val Leu Asp His Val Gly Trp ( SEQ ID NO:656); 
Asn Leu Leu Arg Arg Ala Gly Trp ( SEQ ID NO:657); 
Ser Gly He Ser Ala Trp Gly Trp ( SEQ ID NO:658); 
10 Phe Tyr Phe Trp Val Arg Gly Trp ( SEQ ID NO:659); 
Lys Leu Phe Leu Pro Leu Gly Trp ( SEQ ID NO:660); 
Thr Pro Thr Leu Ser Asp Gly Trp ( SEQ ID NO:661); 
Thr His Ser Leu lie Leu Gly Trp ( SEQ ID NO:662); 
Leu Leu Leu Leu Ser Arg Gly Trp ( SEQ ID NO:663); 
15 Leu Leu Arg Val Arg Ser Gly Trp ( SEQ ID NO:664); 
Glu Arg Arg ser Arg Gly Gly Trp ( SEQ ID NO:665); 
Arg Met Leu Gin Leu Ala Gly Trp ( SEQ ID NO:666); 
Age Gly Trp Ala Asn Ser Gly Trp ( SEQ ID NO:667); 
Arg Pro Phe Tyr Ser Tyr Gly Trp ( SEQ ID NO:668); 
20 Ser Ser Ser Trp Asn Ala Gly Trp ( SEQ ID NO:669); 
Leu Gly His Leu Glu Glu Gly Trp ( SEQ ID NO:670); 
Ser Ala Val Thr Asn Thr Gly Trp ( SEQ ID NO:671); 
Phe Tyr Gin Leu Ala Leu Thr (SEQ ID NO:672); 
Phe Tyr Gin Leu Ala Leu Thr Trp (SEQ ID NO:673), 
25 Arg Lys Leu Phe Phe Asn Leu Arg (SEQ ID NO:674), 

Arg Lys Leu Phe Phe Asn Leu Arg Trp ( SEQ ID NO:675), 
Lys Phe Glu Arg Gin (SEQ ID NO:676), 
Asn He Val Arg Lys Lys Lys (SEQ ID NO:677), and 
Arg Gly Tyr Val Tyr Gin Gly Leu (SEQ ID NO:678). 
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[0063] Other non-limiting examples of such heat shock protein binding domains with a 
terminal Trp residue useful for the various aspects of the present invention include: 
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[0064] Asn Leu Leu Arg Leu Thr Gly Trp ( SEQ ID NO:679); 
Phe Tyr Gin Leu Ala Leu Tyr Trp ( SEQ ID NO.680); 
Arg Lys Leu Phe Phe Asn Leu Arg Trp ( SEQ ID NO:681); 
Gly Lys Trp Val Tyr lie Gly Trp ( SEQ ID NO:628); 
5 Ala Lys Arg Glu Thr Lys Gly Trp ( SEQ ID NO:629); 
Lys Trp Val His Leu Phe Gly Trp ( SEQ ID NO:630); 
Arg Leu Val Leu Val Leu Gly Trp ( SEQ ID NO:631); 
Trp Lys Trp Gly He Tyr Gly Trp ( SEQ ID NO:632); 
Ser Ser His Ala Ser Ala Gly Trp ( SEQ ID NO:633); 
10 Trp Gly Pro Trp Ser Phe Gly Trp ( SEQ ID NO:634); 
Ala ne Pro Gly Lys Val Gly Trp ( SEQ ID NO:635); 
Arg Val His Asp Pro Ala Gly Trp ( SEQ ID NO:636); 
Arg Ser Val Ser Ser Phe Gly Trp ( SEQ ID NO:637); 
Leu Gly Thr Arg Lys Gly Gly Trp ( SEQ ID NO:638); 
1 5 Lys Asp Pro Leu Phe Asn Gly Trp ( SEQ ID NO:639); 
Leu Ser Gin His Thr Asn Gly Trp ( SEQ ID NO:640); 
Asn Arg Leu Leu Leu Thr Gly Trp ( SEQ ID NO:641); 
Tyr Pro Leu Trp Val lie Gly Trp ( SEQ ID NO:642); 
Leu Leu lie He Asp Arg Gly Trp ( SEQ YD NO:643); 
20 Arg Val lie Ser Leu Gin Gly Trp ( SEQ ID NO:644); 
Glu Val Ser Arg Glu Asp Gly Trp ( SEQ ID NO:645); 

Ser He Leu Arg Ser Thr Gly Trp ( SEQ ID NO:646); 

Pro Gly Leu Val Trp Leu Gly Trp ( SEQ ID NO:647); 

Val Lys Lys Leu Tyr He Gly Trp ( SEQ ID NO:648); 
25 Asn Asn Arg Leu Leu Asp Gly Trp ( SEQ ID NO:649); 

Ser Lys Gly Arg Trp Gly Gly Trp ( SEQ ID NO:650); 

He Arg Pro Ser Gly He Gly Trp ( SEQ ID NO:651); 

Ala Ser Leu Cys Pro Thr Gly Trp ( SEQ ID NO:652); 

Asp Val Pro Gly Leu Arg Gly Trp ( SEQ ID NO:653); 
30 Arg His Arg Glu Val Gin Gly Trp ( SEQ ID NO:654); 

Leu Ala Arg Lys Arg Ser Gly Trp ( SEQ ID NO:655); 

Ser Val Leu Asp His Val Gly Trp ( SEQ ID NO:656); 
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Asn Leu Leu Arg Arg Ala Gly Trp ( SEQ ID NO:657); 
Ser Gly He Ser Ala Trp Gly Trp ( SEQ ID NO:658); 
Phe Tyr Phe Trp Val Arg Gly Trp ( SEQ ID NO:659); 
Lys Leu Phe Leu Pro Leu Gly Trp ( SEQ ID NO:660); 
5 Thr Pro Thr Leu Ser Asp Gly Trp ( SEQ ID NO:661); 
Thr His Ser Leu lie Leu Gly Trp ( SEQ ID NO:662); 
Leu Leu Leu Leu Ser Arg Gly Trp ( SEQ ID NO:663); 
Leu Leu Arg Val Arg Ser Gly Trp ( SEQ ID NO:664); 
Glu Arg Arg ser Arg Gly Gly Trp ( SEQ ID NO:665); 
10 Arg Met Leu Gin Leu Ala Gly Trp ( SEQ ID NO:666); 
Age Gly Trp Ala Asn Ser Gly Trp ( SEQ ID NO:667); 
Arg Pro Phe Tyr Ser Tyr Gly Trp ( SEQ ID NO:668); 
Ser Ser Ser Trp Asn Ala Gly Trp ( SEQ ID NO:669); 
Leu Gly His Leu Glu Glu Gly Trp ( SEQ ID NO:670); 
15 Ser Ala Val Thr Asn Thr Gly Trp ( SEQ ID NO:67 1); 
Leu Arg Arg Ala Ser Leu Trp ( SEQ ID NO:682); 
Leu Arg Arg Trp Ser Leu Trp ( SEQ ID NO:683); 
Lys Trp Val His Leu Phe Trp ( SEQ ID NO:684); 
Asn Arg Leu Leu Leu Thr Trp ( SEQ ID NO:685); 
20 Ala Arg Leu Leu Leu Thr Trp ( SEQ ID NO:686); 
Asn Ala Leu Leu Leu Thr Trp ( SEQ ID NO:687); 
Asn Arg Leu Ala Leu Thr Trp ( SEQ ID NO:688); 
Asn Leu Leu Arg Leu Thr Trp ( SEQ ID NO:689); 
Asn Arg Leu Trp Leu Thr Trp ( SEQ ID NO:690); and 
25 Asn Arg Leu Leu Leu Ala Trp (SEQ ID NO:691). 

[0065] Other heat shock protein binding domains useful in the practice of the present 
invention include Phe Tyr Gin Leu Ala Leu Thr Trp ( SEQ ID NO:692), Phe Tyr Gin Leu 
Ala Leu Thr Trp ( SEQ ID NO:693 ), Arg Lys Leu Phe Phe Asn Leu Arg Trp (SEQ ID 
NO:694), Arg Lys Leu Phe Phe Asn Leu Arg Trp ( SEQ ID NO:695 ), Lys Phe Glu Arg Gin 
Trp ( SEQ ID NO:696), Asn lie Val Arg Lys Lys Lys Trp ( SEQ ID NO:697), and Arg Gly 
Tyr Val Tyr Gin Gly Leu Trp ( SEQ ID NO:698). 
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[0066] Moreover, other heat shock protein binding domains include those described in 
W09922761, and may have a terminal Trp residue added to achieve the purposes of the 
present invention. Xaa represents any amino acid. 

Tyr Thr Leu Val Gin Pro Leu Trp ( SEQ ID NO:703); 
5 Thr Pro Asp He Thr Pro Lys Trp ( SEQ ID NO:704); 
Thr Tyr Pro Asp Leu Arg Tyr Trp ( SEQ ID NO:705); 
Asp Arg Thr His Ala Thr Ser Trp ( SEQ ID NO.706); 
Met Ser Thr Thr Phe Tyr Ser Trp ( SEQ ID NO:707); 
Tyr Gin His Ala Val Gin Thr Trp ( SEQ ID NO:708); 
10 Phe Pro Phe Ser Ala Ser Thr Trp ( SEQ ID NO.709); 
Ser Ser Phe Pro Pro Leu Asp Trp ( SEQ ID NO:710); 
Met Ala Pro Ser Pro Pro His Trp ( SEQ ID NO:71 1); 
Ser Ser Phe Pro Asp Leu Leu Trp ( SEQ ID NO:7 12); 
His Ser Tyr Asn Arg Leu Pro Trp ( SEQ ID NO:713); 
15 His Leu Thr His Ser Gin Arg Trp ( SEQ ID NO:714); 
Gin Ala Ala Gin Ser Arg Ser Trp ( SEQ ID NO:715); 
Phe Ala Thr His His He Gly Trp ( SEQ ID NO:716); 
Ser Met Pro Glu Pro Leu lie Trp ( SEQ ID NO:717); 
He Pro Arg Tyr His Leu He Trp ( SEQ ID NO:718); 
20 Ser Ala Pro His Met Thr Ser Trp ( SEQ ID NO:719); 
Lys Ala Pro Val Trp Ala Ser Trp ( SEQ ID NO:720); 
Leu Pro His Trp Leu Leu He Trp ( SEQ ID NO:721); 
Ala Ser Ala Gly Tyr Gin He Trp ( SEQ ID NO:722); 
Val Thr Pro Lys Thr Gly Ser Trp ( SEQ ID NO:723); 
25 Glu His Pro Met Pro Val Leu Trp ( SEQ ID NO:724); 
Val Ser Ser Phe Val Thr Ser Trp ( SEQ ID NO:725); 
Ser Thr His Phe Thr Trp Pro Trp ( SEQ ID NO:726); 
Gly Gin Trp Trp Ser Pro Asp Trp ( SEQ ID NO:727); 
Gly Pro Pro His Gin Asp Ser Trp ( SEQ ID NO:728); 
30 Asn Thr Leu Pro Ser Thr lie Trp ( SEQ ID NO:729); 
His Gin Pro Ser Arg Trp Val Trp ( SEQ ID NO:730); 
Tyr Gly Asn Pro Leu Gin Pro Trp ( SEQ ID NO:731); 
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Phe His Trp Trp Trp Gin Pro Trp ( SEQ ID NO:732); 
He Thr Leu Lys Tyr Pro Leu Trp ( SEQ ID NO:733); 
Phe His Trp Pro Trp Leu Phe Trp ( SEQ ID NO:734); 
Thr Ala Gin Asp Ser Thr Gly Trp ( SEQ ID NO:735); 
5 Phe His Trp Trp Trp Gin Pro Trp ( SEQ ID NO:736); 
Phe His Trp Trp Asp Trp Trp Trp ( SEQ ID NO:737); 
Glu Pro Phe Phe Arg Met Gin Trp ( SEQ ID NO:738); 
Thr Trp Trp Leu Asn Tyr Arg Trp ( SEQ ID NO:739); 
Phe His Trp Trp Trp Gin Pro Trp ( SEQ ID NO:740); 
10 Gin Pro Ser His Leu Arg Trp Trp ( SEQ ID NO:741); 
Ser Pro Ala Ser Pro Val Tyr Trp ( SEQ ID NO:742); 
Phe His Trp Trp Trp Gin Pro Trp ( SEQ ID NO:743); 
His Pro Ser Asn Gin Ala Ser Trp ( SEQ ID NO:744); 
Asn Ser Ala Pro Arg Pro Val Trp ( SEQ ID NO:745); 
15 Gin Leu Trp Ser He Tyr Pro Trp ( SEQ ID NO:746); 
Ser Trp Pro Phe Phe Asp Leu Trp ( SEQ ID NO:747); 
Asp Thr Thr Leu Pro Leu His Trp ( SEQ ID NO:748); 
Trp His Trp Gin Met Leu Trp Trp ( SEQ ID NO:749); 
Asp Ser Phe Arg Thr Pro Val Trp ( SEQ ID NO.750); 
20 Thr Ser Pro Leu Ser Leu Leu Trp ( SEQ ID NO:75 1); 
Ala Tyr Asn Tyr Val Ser Asp Trp ( SEQ ID NO:752); 
Arg Pro Leu His Asp Pro Met Trp ( SEQ ID NO:753); 
Trp Pro Ser Thr Thr Leu Phe Trp ( SEQ ID NO:754); 
Ala Thr Leu Glu Pro Val Arg Trp ( SEQ ID NO:755); 
25 Ser Met Thr Val Leu Arg Pro Trp ( SEQ ID NO:756); 
Gin lie Gly Ala Pro Ser Trp Trp ( SEQ ID NO:757); 
Ala Pro Asp Leu Tyr Val Pro Trp ( SEQ ID NO:758); 
Arg Met Pro Pro Leu Leu Pro Trp ( SEQ ID NO:759); 
Ala Lys Ala Thr Pro Glu His Trp ( SEQ ID NO:760); 
30 Thr Pro Pro Leu Arg lie Asn Trp ( SEQ ID NO:761); 
Leu Pro He His Ala Pro His Trp ( SEQ ID NO:762); 
Asp Leu Asn Ala Tyr Thr His Trp ( SEQ ID NO:763); 
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Val Thr Leu Pro Asn Phe His Trp ( SEQ ID NO:764); 
Asn Ser Arg Leu Pro Thr Leu Trp ( SEQ ID NO:765); 
Tyr Pro His Pro Ser Arg Ser Trp ( SEQ ID NO:766); 
Gly Thr Ala His Phe Met Tyr Trp ( SEQ ID NO:767); 
5 Tyr Ser Leu Leu Pro Thr Arg Trp ( SEQ ID NO:768); 
Leu Pro Arg Arg Thr Leu Leu Trp ( SEQ ID NO:769); 
Thr Ser Thr Leu Leu Trp Lys Trp ( SEQ ID NO:770); 
Thr Ser Asp Met Lys Pro His Trp ( SEQ ID NO:771); 
Thr Ser Ser Tyr Leu Ala Leu Trp ( SEQ ID NO:772); 
10 Asn Leu Tyr Gly Pro His Asp Trp ( SEQ ID NO:773); 
Leu Glu Thr Tyr Thr Ala Ser Trp ( SEQ ID NO:774); 
Ala Tyr Lys Ser Leu Thr Gin Trp ( SEQ ID NO:775); 
Ser Thr Ser Val Tyr Ser Ser Trp ( SEQ ID NO:776); 
Glu Gly Pro Leu Arg Ser Pro Trp ( SEQ ID NO:777); 
15 Thr Thr Tyr His Ala Leu Gly Trp ( SEQ ID NO:778); 
Val Ser He Gly His Pro Ser Trp ( SEQ ID NO:779); 
Thr His Ser His Arg Pro Ser Trp ( SEQ ID NO.780); 
He Thr Asn Pro Leu Thr Thr Trp ( SEQ ID NO:781); 
Ser He Gin Ala His His Ser Trp ( SEQ ID NO:782); 
20 Leu Asn Trp Pro Arg Val Leu Trp ( SEQ ID NO:783); 
Tyr Tyr Tyr Ala Pro Pro Pro Trp ( SEQ ID NO:784); 
Ser Leu Trp Thr Arg Leu Pro Trp ( SEQ ID NO:785); 
Asn Val Tyr His Ser Ser Leu Trp ( SEQ ID NO:786); 
Asn Ser Pro His Pro Pro Thr Trp ( SEQ ID NO:787); 
25 Val Pro Ala Lys Pro Arg His Trp ( SEQ ID NO:788); 
His Asn Leu His Pro Asn Arg Trp ( SEQ ID NO:789); 
Tyr Thr Thr His Arg Trp Leu Trp ( SEQ ID NO.790); 
Ala Val Thr Ala Ala He Val Trp ( SEQ ID NO:791); 
Thr Leu Met His Asp Arg Val Trp ( SEQ ID NO:792); 
30 Thr Pro Leu Lys Val Pro Tyr Trp ( SEQ ID NO:793); 
Phe Thr Asn Gin Gin Tyr His Trp ( SEQ ID NO:794); 
Ser His Val Pro Ser Met Ala Trp ( SEQ ID NO:795); 
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His Thr Thr Val Tyr Gly Ala Trp ( SEQ ID NO:796); 
Thr Glu Thr Pro Tyr Pro Thr Trp ( SEQ ID NO:797); 
Leu Thr Thr Pro Phe Ser Ser Trp ( SEQ ID NO:798); 
Gly Val Pro Leu Thr Met Asp Trp ( SEQ ID NO:799); 
5 Lys Leu Pro Thr Val Leu Arg Trp ( SEQ ID NO:800); 
Cys Arg Phe His Gly Asn Arg Trp ( SEQ ID NO:801); 
Tyr Thr Arg Asp Phe Glu Ala Trp ( SEQ ID NO:802); 
Ser Ser Ala Ala Gly Pro Arg Trp ( SEQ ID NO.803); 
Ser Leu He Gin Tyr Ser Arg Trp ( SEQ ID NO:804); 
LO Asp Ala Leu Met Trp Pro XAA Trp ( SEQ ID NO:805); 
Ser Ser XAA Ser Leu Tyr lie Trp ( SEQ ID NO:806); 
Phe Asn Thr Ser Thr Arg Thr Trp ( SEQ ID NO:807); 
Thr Val Gin His Val Ala Phe Trp ( SEQ ID NO.808); 
Asp Tyr Ser Phe Pro Pro Leu Trp ( SEQ ID NO.809); 
15 Val Gly Ser Met Glu Ser Leu Trp ( SEQ ID NO:810); 
Phe XAA Pro Met He XAA Ser Trp ( SEQ ID NO:81 1); 
Ala Pro Pro Arg Val Thr Met Trp ( SEQ ID NO:812); 
lie Ala Thr Lys Thr Pro Lys Trp ( SEQ ID NO:813); 
Lys Pro Pro Leu Phe Gin lie Trp ( SEQ ID NO:814); 
20 Tyr His Thr Ala His Asn Met Trp ( SEQ ID NO:815); 
Ser Tyr He Gin Ala Thr His Trp ( SEQ ID NO:816); 
Ser Ser Phe Ala Thr Phe Leu Trp ( SEQ ID NO:817); 
Thr Thr Pro Pro Asn Phe Ala Trp ( SEQ ID NO:818); 
He Ser Leu Asp Pro Arg Met Trp ( SEQ ID NO:819); 
25 Ser Leu Pro Leu Phe Gly Ala Trp ( SEQ ID NO:820); 
Asn Leu Leu Lys Thr Thr Leu Trp ( SEQ ID NO:821); 
Asp Gin Asn Leu Pro Arg Arg Trp ( SEQ ID NO:822); 
Ser His Phe Glu Gin Leu Leu Trp ( SEQ ID NO:823); 
Thr Pro Gin Leu His His Gly Trp ( SEQ ID NO:824); 
30 Ala Pro Leu Asp Arg He Thr Trp ( SEQ ID NO:825); 
Phe Ala Pro Leu He Ala His Trp ( SEQ ID NO:826); 
Ser Trp He Gin Thr Phe Met Trp ( SEQ ID NO:827); 
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Asn Thr Trp Pro His Met Tyr Trp ( SEQ ID NO:828); 
Glu Pro Leu Pro Thr Thr Leu Trp ( SEQ ID NO:829); 
His Gly Pro His Leu Phe Asn Trp ( SEQ ID NO:830); 
Tyr Leu Asn Ser Thr Leu Ala Trp ( SEQ ID NO:831); 
5 His Leu His Ser Pro Ser Gly Trp ( SEQ ID NO:832); 
Thr Leu Pro His Arg Leu Asn Trp ( SEQ ID NO:833); 
Ser Ser Pro Arg Glu Val His Trp ( SEQ ID NO:834); 
Asn Gin Val Asp Thr Ala Arg Trp ( SEQ ID NO:835); 
Tyr Pro Thr Pro Leu Leu Thr Trp ( SEQ ID NO:836); 
10 His Pro Ala Ala Phe Pro Trp Trp ( SEQ ID NO:837); 
Leu Leu Pro His Ser Ser Ala Trp ( SEQ ID NO:838); 
Leu Glu Thr Tyr Thr Ala Ser Trp ( SEQ ID NO:839); 
Lys Tyr Val Pro Leu Pro Pro Trp ( SEQ ID NO:840); 
Ala Pro Leu Ala Leu His Ala Trp ( SEQ ID NO:841); 
15 Tyr Glu Ser Leu Leu Thr Lys Trp ( SEQ ID NO:842); 
Ser His Ala Ala Ser Gly Thr Trp ( SEQ ID NO:843); 
Gly Leu Ala Thr Val Lys Ser Trp ( SEQ ID NO:844); 
Gly Ala Thr Ser Phe Gly Leu Trp ( SEQ ID NO:845); 
Lys Pro Pro Gly Pro Val Ser Trp ( SEQ ID NO:846); 
20 Thr Leu Tyr Val Ser Gly Asn Trp ( SEQ ID NO:847); 
His Ala Pro Phe Lys Ser Gin Trp ( SEQ ID NO:848); 
Val Ala Phe Thr Arg Leu Pro Trp ( SEQ ID NO:849); 
Leu Pro Thr Arg Thr Pro Ala Trp ( SEQ ID NO:850); 
Ala Ser Phe Asp Leu Leu lie Trp ( SEQ ID NO:851); 
25 Arg Met Asn Thr Glu Pro Pro Trp ( SEQ ID NO:852); 
Lys Met Thr Pro Leu Thr Thr Trp ( SEQ ID NO:853); 
Ala Asn Ala Thr Pro Leu Leu Trp ( SEQ ID NO:854); 
Thr He Trp Pro Pro Pro Val Trp ( SEQ ID NO:855); 
Gin Thr Lys Val Met Thr Thr Trp ( SEQ ID NO:856); 
30 Asn His Ala Val Phe Ala Ser Trp ( SEQ ID NO:857); 
Leu His Ala Ala Xaa Thr Ser Trp ( SEQ ID NO:858); 
Thr Trp Gin Pro Tyr Phe His Trp ( SEQ ID NO:859); 
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Ala Pro Leu Ala Leu His Ala Trp ( SEQ ID NO:860); 
Thr Ala His Asp Leu Thr Val Trp ( SEQ ID NO.861); 
Asn Met Thr Asn Met Leu Thr Trp ( SEQ ID NO:862); 
Gly Ser Gly Leu Ser Gin Asp Trp ( SEQ ID NO:863); 
Thr Pro He Lys Thr lie Tyr Trp ( SEQ ID NO:864); 
Ser His Leu Tyr Arg Ser Ser Trp ( SEQ ID NO:865); and 
His Gly Gin Ala Trp Gin Phe Trp ( SEQ ID NO:866). 

[0 067] Among all of the foregoing heat shock protein binding peptides, the heat shock 
protein binding domain Asn Leu Leu Arg Leu Thr Gly Trp ( SEQ ID NO:867) is 
preferred in the hybrid antigens of the invention. However, the aforemenUoned heat shock 
protein binding domains are merely exemplary of various moieties . , ^ ^ 
peptide heat shock protein binding molecules, that may be used in the pracuce of the present 

invention. 

10068] The hybrid antigen of the invention incorporates a. least one antigenic 
Otogenic) domain and at .east one one heat shoe, p ro tem-bmding domain, separated 
by a, .east one peptide .inker as described herein. The hybrid antigen of the mvenuon may 
be synthesized using chemica, peptide synthesis methods or i, can be synthesized by 
expression of a nncleie acid constntc, containing .inked sequences encodtng the 
and heat shock prorein binding domains. One snirab.e technique uti.izes inma! separate PC* 
amotion reactions to produce separate DNA segments encoding me rwo omams ea* 
wl a .inker segment attached to one end, foUowed by fusion of the two amphfted produ , 
in a further PCR step. This technique is referred to as .inker uti.ing. Sui,b,e restnetton attes 
may a.so be engineered into regions of interest, after which restriction digesfon and hgatton 
is used to produce the desired hybrid antigen-encoding sequence. 
25 [0069] As noted herein, the nucleic acid encoding a hybrid antigen of the invention is 
a,s„ ,ui«ab.e for therapeutic use by administration to me subject, where expression m v.vo 
yie.ds the hybrid antigen with the abUity of inducing an immune response. 
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Vfeat Shock Proteins 



[0 070] The term "heat shock protein," as used herein, refers to any protein which 
exhibits increased expression in a cell when the cell is subjected to a stress. In preferred 
non-limiting embodiments, the heat shock protein is originally derived from a eukaryottc 
5 cell- in more preferred embodiments, the heat shock protein is originally derived from a 

ma mmaliancell. For example, but not by way of limitation, heat shock proteins which may 
be used according to the invention include BiP (also referred to as grp78), hs P 70, hsc70, 
gp96 (grp94), hs P 60, hsp40, and hs P 90, and members of the families thereof. Especially 
preferred heat shock proteins are BiP, gp96, and hs P 70, as exemplified below. Most 
10 preferred is a member of the hsp70 family. Naturally occurring or recombinantly denved 
mutants of heat shock proteins may also be used according to the invention. For example, 
but not by way of limitation, the present invention provides for the use of heat shock 
proteins mutated so as to facilitate their secretion from the cell (for example having 
mutation or deletion of an element which facilitates endoplasmic reticulum recapture, such 
15 as KDEL (SEQ ID NO:266) or its homologues; such mutants are described in PCT 
Application No. PCT/US96/13233 (WO 97/06685), which is incorporated herein by 
reference). 

[007 1] For embodiments of me invention wherein heat shock protein and hybrid antigen 
are directly administered to the snbject in the form of a protein/peptide complex, the heat 

20 shock protein may be prepared, nsing standard techniques, from natnral sources, for 

example as described in Flynn e. al.. Science 245:385-390 (1989), or using recombman, 
techniques such as expression of a heat shock encoding vector in a suitable host cel. such as 
a bacteria., yeas, or mammalian cell. If pre-loading of the hea, shock protein with peptu.es 
from the host organism is a concern, the heat shock protein can be incubated with ATP and 

25 then repurifted. Non-limiting examples of methods for preparing recombinant hea. shock 
proteins are set forth below. 

[0072] A nucleic acid encoding a heat shock protein may be operatively linked to 
elements necessary or desirable for expression and men used to express the desned hea, 
shock protein as either a means to produce hea, shock protein for use in a protein vaccme 
30 or, alternatively, in a nuc.eic acid vaccine. Elements necessary or desirable for expreaston 
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mc.ude. bu, am no. .united to. promorer/enhancer Cements, nar.cnpt.ona! ster, ana smp 

fences, po.yadeny.arion signa,, — ona, « - - — 

JL signa. secuences and the .ike. For examp.e, bu, no, b, way of ,u— genes fo 

5 gp96 (human: OenebanR Accession No. X15187; Maki e, a... ^. M Ac«i 5c, U5.A. 
" 87-5658-5562 (1990): mouse: Genebank Accession No. M16370; Srivasrava e, al.. Proc. 
N aU Acad. Sci. USA. 84:3807-3811 (1987)), BiP (mouse: Genebank Accession No. 

, , . c • r ,c 4 85-2250-2254 (1988); human: Genebank 
U16277; Haas et al., Proc. Natl. Acad. Set. U.S.A. 85.2250 2*» ; ' 
Accession No. M19645; Ting et al., D/VA 7:275-286 (1988)), hs P 70 (mouse: Genebank 

„ ♦ , ^^87-199-204 (1990); human: Genebank Accession 
10 Accession No. M35021; Hunt et al., Gene 87.199 204 

No M24743; Hunt et al, Proc. NaU. Acad. Sci. V.S.A. 82:6455-6489 (1995)), 
(human: Genebank Accession No. D49547; Ohtsuka K., BiocHem. BiopHys. Res. Commun. 
197:235-240 (1993)). 
^THOrtS OF ADMTNTSTRATION 
,5 ,0073, The hybrid an.igens of me invention or complexes of hybrid antigens and heat 
hock proteins may be administered t o a subject using either a peptide-based, protern-based 
or nucleic acid vaccine, so as «o produce, in me subject, an amount of comp.e* whrch ,s 
effective in inducing a therapeutic immune response in the subject. 

[0074] The subject may be a human or nonhuman subject. 
20 [0075, The term "therapeutic immune response," as used herein, refers to an urcrease in 
Lora, and/or ce„u,ar immunity, as measure, by srandard rechnir.ues. which s dnecred 
low ard me hybrid an.igen. Preferab.y, bu. no, by way of .imitation, me m duced .ev o 
humora. immunity directed toward hybrid antigen is a, .eas, four-fo.d, and preferab.y a, 
teas. 16-fo,d greater man me .evels of me humora. immunity directed reward me antrgen 
25 p ri or » me almis,ra,ion o, me compos.rions o, mis invenrion ,o me subjee,. The rmmune 
~~ response may a,so be measured qualitatively, by means of a animate in vim, or ,„ v.vo 

.say, wherein an arres, in progression or a remission of neop,as,ic or infecfious d,sease m 
to subjee, is considered <o indicate me induction of a urerapeuuc immune response. 
.0076] Specific amoums of hea, shock protein/hybrid antigen administered may depend 
,0 on numerous factors inCuding Use immunogenic],, o, me parr.cu.ar vaccine compear.. on, ^ 
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the immunocompetence of the subject, the size of the subject and the route of 
administration. Determining a suitable amount of any given composition for administration 
is a matter of routine screening. 

[0077] Furthermore, significant immunological efficacy was identified in studies in 
5 which the hybrid antigen was administered alone, i.e., without heat shock protein. While 
Applicants have no duty to disclose the theory by which the invention operates, and are not 
bound thereto, the results of these studies suggest that the hybrid antigens, upon injection 
into the subject, bind to endogenous heat shock proteins, and thus do not require the 
concomitant administration of heat shock protein for effectiveness. The present invention 
10 extends to such utilities of the hybrid antigens of the invention, and moreover, to 

concomitant therapies or treatments that increase endogenous heat shock protein levels 
systemically or at the intended site of administration of the hybrid antigens of the invention. 
Such concomitant therapies or treatments include but are not limited to local application of 
heat or local or systemic pharmaceutical agents that increase the expression of heat shock 
15 protein in the local tissue. Such agents and methods are known in the art. 

[0078] Hybrid antigens that are administered in the absence of co-administration of a 
heat shock protein (i.e., administered not in a complex with a heat shock protein) that 
comprise at least one antigenic domain and at least one heat shock protein binding domain 
comprise one of the peptide linkers mentioned hereinabove. 

20 

[0079] In specific non-limiting embodiments of the invention, it may be desirable to 
include more than one species of heat shock protein, and/or more than one hybrid antigen, 
in order to optimize the immune response. Such an approach may be particularly 
advantageous in the treatment of cancer or in the treatment of infections characterized by 
25 the rapid development of mutations that result in evasion of the immune response. 

Moreover, a hybrid antigen of the invention may include more than one immunogenic 
domain or more than one epitope. 

[0080] Compositions comprising hybrid antigen/heat shock protein or hybrid antigen 
alone as set forth above are referred to herein as "vaccines." The term vaccine is used to 
30 indicate that the compositions of the invention may be used to induce a prophylactic or 
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therapeutic immune response. A vaccine of the invention may comprise a hybrid antigen 
with a single antigenic domain or epitope, or a hybrid antigen with a plurality of antigenic 
domains or epitopes. Further, a vaccine may comprise an admixture of hybrid antigens with 
single or pluralities of antigenic domains or epitopes, or any combination of the foregoing. 
5 As noted above, the hybrid antigens or admixtures thereof may be complexed with one or 
more heat shock proteins before administration, or may be administered without heat shock 
protein. 

[0081] A vaccine composition comprising one or more hybrid antigens optionally 
complexed to one or more heat shock proteins in accordance with the invention may be 
10 administered cutaneously, subcutaneously, intradermally, intravenously, intramuscularly, 

parenterals, intrapulmonarily, intravaginally, intrarectally, nasally or topically. The vaccine 
composition may be delivered by injection, particle bombardment, orally or by aerosol. 

[0082] Incubation of heat shock proteins in solution with the hybrid antigen is sufficient 
to achieve loading of the antigen onto the heat shock protein in most cases. It may be 
15 desirable in some cases, however, to add agents which can assist in the loading of the 
antigen. 

[0083] Incubation with heating of the heat shock protein with the hybrid antigen will in 
general lead to loading of the antigen onto the heat shock protein. In some cases, however, it 
may be desirable to add additional agents to assist in the loading. For example, hsp40 can 
20 facilitate loading of peptides onto hsp70. Minami et al., J. Biol Chem. 271:19617-19624 
(1996). Denaturants such as guanidinium HC1 or urea can be employed to partially and 
reversibly destabilize the heat shock protein to make the peptide binding pocket more 
accessible to the antigen. 

[0084] In particular, a vaccine of the invention comprising a heat shock protein 
25 preferably also includes adenosine diphosphate (ADP), to promote the association between 
the heat shock protein and the heat shock protein binding domain prior to the complex 
reaching its destination. Other compounds with similar capabilities may used, alone or in 
combination with ADP. 

[0085] Vaccine compositions in accordance with the invention may further include 
30 various additional materials, such as a pharmaceutically acceptable carrier. Suitable carriers 
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include any of the standard pharmaceutical,, accepted capers, such as phosphate buffered 

various types of wetting agents, tablets, coated tablets and capsules. An example of an 

dre Impounds Is the triglyceride emulsion commercially known as ^uttxah £ W 
such carriers contain excipients such as starch, milk, sugar, certau, types of Cay geh«m, 
st earic acid, tide, vegetable fars or oils, gums, glycoU, or orher known excprents. Such 
earners may a.so include flavor and color additives or other ingredtents. 
,0086, The vaccine composition of me invention may also include suitable diluents, 
Natives, sob—, emmsifiers, adjuvants and/or carriers. Such compost,- may be 

1 form of muid or lyophUized or omerwise dried formulations and may mclude 
m * 6 ™ . q . „„ cmKot (e . Tris-HCl, acetate, phosphate), pH and tome strength, 
diluents of various buffer content (e.g„ ins J .„„-„ K(eS 
additives such as albumin or gefatin ,0 prevent absorption to surfaces, 
Tween 20. Tween 80, Pluronic P68, b«e acid sal*), solubiUzing agents (e.g^ cerol, 
oo.vethvlene glycerol), anti-oxidants (e.g„ ascorbic acid, sodium metabtsulfite), 
^ ves e ,, Thimerosa,, benzyl alcohol, parabens, bulking substances or tomctty 

dvcol to the protein, complexing with meud ions, or incorporatton of me matena m o 

, acid hydrogeis, etc. or onto liposomes, microemulsions, micelles, umlam - :* 
nndtillnar vesicles, erythrocyte ghosts, or spheroplast, Such -P»— 
influence the physical state, solubility, stability, rate of in wvo release, and rate of 
T7c Z Lee of compositions win depend on the physical and chemical properr.es 

5 ^yrequireaformufationconmmingde.ergent.Conttol.edorsustainedrele^ 

comprehended by the Invention are particulate compositions coated wtth polymers .* 
liners or poloxamines) and coupled to antibodies dhected against ttssue spec, c 
Lceptors Hgandsorantigensorcoup.ed,ongandsoftissue-spec,f.crecep,ors.Omer 
30 ™Z21 of Ute composition of me tnvention incorporate particulate forms protecrrve 
^protease inhibitors or permeation enhance, for various roures of admtmsrrarron, 
including intramuscular, parenteral, pulmonary, nasal and oral. 
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,0087, As an a— e to direct administration of the hybrid antigen optionally 
completed with hea, shoo, prorein, one or more polynucleofide consuls may be 
listed which encode me hybrid anfigen. optionaiiy with beat s oc k P_ 
expressible form. The expressible po.ynnclenr.de consmrcts are mmoduced udo 
X< using « Wvo or „ v,o medrods. Soluble medrods inch.de Section „ec » * 
.landhamora.rransfeainguaingU^omesCFra.eyera. ~»^™^^ 
rece p,or-media,ed endocyrosis (Zadouhal e, ah, Ann. NY Acad. ^ 
pjcle bombardmenr-mediared gene ttansfer (Eisenbraun e. a.., DNA & Cell B»l. 12.79 
797 0993)) and transfecrion nsing pepude presenring bacteriophage (Barry et i«- 
Medicine 2.299-305 (.996). The po.ynuc,eo.ide vaccine may also be introduced mro 
suitable cells in virro which are men introduced into the subject. 

.0088) To construct m expressible polynucleotide, a region encoding the hea. shoe* 
Zl -d/or hybrid antigen is prepared as discussed above and inserted into a mammals, 
veJr operative,, Ihdted ,o a suhable promote, such as dte S V* promote, the 
cylegalovints (CMV) promoler or the Rous sarcoma virus (RSV, ^ 
Ihing construct may men be used as a vaccine for genefc m_,,on. The nude. 

cou,d a.so be Coned inro a vira, vector. Suirab.e vectors mc.ude but „ «* 
ZZ o relvha. vectors, adenovirus vectors, vaccinia vims vectors, pox vtrus vectors 
Z all itus-associated vectors. Specific vectors which are suirab.e for use in the present 
, :!en lare pCDNA3 «nV itt ogen), p.asmid AH5 (which contains the SV40 ongtn^cHhe 
I invention y w r/rMV flnVitrocen), pCMU II (Paabo et al., EMBO J. 

adenovirus major late promoter), pRC/CMV (InV^ogen) p 
5:1921-1927 (1986)), pZip-Neo SV (Cepko et al., Cell 37.1053-1062 (1984)) 
(DNAX, Palo Alto, CA). 

,0089, Various methods for preparation of hea, sboch proteins and hybrid antigens are 
5 Hied in WO970682. and WC992276., which ate incorporated herem by reference m 
their entireties. 

[00 90] In the following examples, and throughout the application amino acids may be 
represented using their single-letter codes, as follows: 



[0091] A alanine 
30 [0092] C cysteine 
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[0093] 


D aspartic acid 


[0094] 


E glutamic acid 


[0095] 


F phenylalanine 


[0096] 


G glycine 


5 [0097] 


H histidine 


[0098] 


I isoleucine 


[0099] 


K lysine 


[00100] 


L leucine 


[00101] 


M methionine 


10 [00102] 


N asparagine 


[00103] 


P proline 


[00104] 


Q glutamine 


[00105] 


R arginine 


[00106] 


S serine 


15 [00107] 


T threonine 


[00108] 


V valine 


[00109] 


W tryptophan 


[00110] 


Y tyrosine 


[00111] 


The present 


20 non-limiting Examples, wh 


examples are presented in < 



ention may be better understood by reference to the following 
are provided as exemplary of the invention. The following 
er to more fully illustrate the preferred embodiments of the 
invention. They should in no way be construed, however, as limiting the broad scopeof the 



invention. 



25 



30 



FX AMPLE 1 

[0100] A variety of hybrid antigens were prepared, eaeh comprising a heat shook protein 
binding domain and a cancer antigen epitope or the model Cass I H2-K epitope from 
OIL, SDNFEKL (SEQ ID NO:868). A peplide .inker was inch-ded between the two 
domains. The heat shock protein binding domains used in mese experiment* t ~ong 
tne following: HWDFAWPW (SEQ ID NO : 869), NELRLTGW (SEQ ID NQ : 870>, 
FYQLALTW (SEQ ID NO:871) and RKLFFNLRW (SEQ ID NO:872). Linkers were 
among those desceibed hereinabove. 
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[0101] The cancer 



and model epitopes were among the following: 



Source Protein 


Source Tumor 


Ammo Acids 


Trivial Name 

( Amino acid 

sequence) 


Prostate Specific Membrane 
Antigen 


Prostate cancer 


771-779 


PSMA P2 

/at trrvrcQlf V* ^FO 
(ALrL'ltl/ols. v , oc-v 

ID NO:873) 


GplOO 


Melanoma 


209-217 


IMD (210M) 
(IMDQVPFSV, 5>b.y 
ID NO-.874) 


Tyrosinase 


Melanoma 


368-376 


YMD (370D) 
(YMDGl mi>\i v , 
I SEQIDNO:875) 


Human Papillomavirus 
(HPV) Strain 16 E7 




86-93 


HPV16 E7 86-93 
(TLGIVCPI; SEQ ID 
NO: 876) 


HPV Strain 16 E7 


Cervical cancer 


11-20 


HPV16E711-20 
(YMLDLQPETT; 
SEQ ID NO:877) 


Ovalbumin 


Model Tumor 
Antigen 


257-264 


Ova 

(SIINFEKL; SEQ ID 
NO:868) 



Using standard solid phase peptide synthesis using F-moc chemistry, hybrid antigens 
comprising a hea, shock protein binding domain, a cancer epitope, and a taker mere 
5 between, were synthesized, in various orientations. 

FX AMPLE 2 

[0102] Binding affinities between recombinant human or murine heat shock protein 70 
( hs P 70) and the various hea, shock protein binding domains and antigenic pepfdes 
,0 mentioned above, as well as between the hybrid antigens comprising an antigenic ^pepude 
and a hea, shock protein binding domain described above, were determined by a bmdmg 
inhibition assays (Hi,, p.ols, relative to the binding affinity o, a reference labeled 
antigen (triliated or fluoresceinated ALFD1ESKVGSGHWDFAWPW; SEQ ID NO.878 o 
hS p70 as determined by Scatchard analysis (Kds of 22.64 uM and .0.75 uM, respeottvely). 
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Binding studies were performed in 39% PBS; 20 mM THAM, pH 8; 37 mM NaCl, 5 mM 
MgCl 2 ; and 1 mM ADP. 

FX AMPLE 3 

For immunological studies in mice, a murine MHC H2-K(b) epitope from ovalbumin, 
SIINFEKL (amino acids 257-264; SEQ ID NO:868), and a H2-K(b) peptide from the 
nucleoprotein of vesicular stomatitis virus (VSV), RGYVYQGL (amino acids 52-59 ; SEQ 
ID NO-879) were used for the preparation of hybrid antigens. The following table sets forth 
the sequences and the affinities for hs P 70 of the epitopes alone and in hybrid antigens. 



Epitope alone 



Hybrid antigen comprising epitope 



Mouse 
Epitope 



Ovalbumin: 
amino acids 
| 257-264 



VSV nucleo- 
protein: 
1 amino acids 
52-59 



Epitope 
sequence 



| SIINFEKL 

(SEQ ID 
JO:868) 



| RGYVYQGL 

|(SEQ ID 
40:879) 



Affinity 
jfor hsp70 

(uM) 



1235 



82 



Hybrid antigen sequence 1 


Affinity 

for 
hsp70 

(uM) j 


NLLRLTGWGSGSIINFEKL j 
1 (SEQ ID NO:880) ' 


L6 


NLLRLTG WFFRKS IINFEKL 
rSFO ID NO:881) 


1 22 1 


NLLRLTGWRKSIINFERL 
(SEQ ID NO.882) 


1 08 1 


NLLRLTGWGSGRGYVYQCiL 
(SEQ ID NO: 883) 


1 1,4 


NLLRLTGWFFRKRGYVYQGL 
(SEQ ID NO: 884) 


1 10 


NLLRLTG WRKRGYVYQUL 
(SEP ID NO:885) 


1 0.6 



10 



F X AMPLE 4 



[01031 Mice were immunized s.e. a. me base of the tai. with hsp70 alone, hsp70 complexed 
with SIINFEKL (SEQ ID NO:868), and hybrid SIINFEKL (SEQ ID NO:868) peptide w,th 
or without HSP70. The doses were adjusted such that each immunization contatned the 
same amount of SIINFEKL (SEQ ID NO:868), except for hs P 70 alone. Seven days later. 



NYJD: 1560983.1 

60 



sptoK were harvested and enriched for CD8 + T cel.*, which were pu, into an « v^N- 
liSPOT assay. Responses after poising with SHNFEKL (SEQ ID NO:868, S^FEKL , 
were recorded in ore foUowing rah.e. which inclodes the doses, and Ure number of sp* 
(m ean * standard error, per 4 x 10= CDS T cells, of i four experinrenrs w«h ar least du e 
, nrice per groop. Contro.s inclnded medio, alone Cmeuium con^O, tmpuUrf 
" ("unpolsed control"), T cells poised with a non-immunized pept.de dertved from VSV, 
RGYVYQGL (SEQ ID NO:879; "VSV control"), and exposure to concanavahn A as a 
positive control ("Con A positive control"). 

to the same experiment a »Cr-re,ease assay as described ahove was ^ 
,0 (SEQ ID NO:868,-polsed target cells. Ar an effector to Urge. cel. ratto of 200:1, ft. 
percent Killing msulrs ohramed are shown in the far rlgh. co.nmn of me foUowmg tab.e. 



(200-10) 




4.4 ug Hsp70 + 0.9 ug 
SIINFEKL (SEQ ID NO:868) 



4.4 ug Hsp70 + 2.0 ug 
NLLRLTGWGSGSIINFEKL 

(SEQIDNO:880) 



4.4 ug Hsp70 + 2.4 ug 
NLLRLTGWFFRKSIINFEKL 



(SEQIDNO:881) 



33.7 ±7.09 



80.0 ± 17.0 



222 ± 17.7 



0.00±0.00 



0.00±0.00 



1.50±0.71 



0.00±0.00 



0.67±0.58 



1.50±0.71 



1.33+1.53 



1170±56.5 



1010±56.5 



38% 



52% 



61 



NYJD: 1560983.1 



[0104] An experiment similar to that 
hybrid antigen without hsp70. 



FX AMPLE 5 
described above was carried out, which also included 



(200-11) 


— Number of Spots per 4 x 10* CD» i ceiis 




Immunogen | 


SIINFEKL 

(SEQ ID 
NO:868) 


Medium 
control 


Unpulsed 
control 


VSV control 


Con A 
Positive 
control 

965 ± 62.6 


4.4ngHsp70 


0.33 ±0.58 


1.00 ± 1.73 


1.67 ±1.15 


4.00 ±1.00 


591 ±48.1 


4.4*igHsp70 + 0.9^g 
SIINFEKL (SEQ ID NO:868) 


1.67 ±0.58 


1.00 ±1.00 


2.00 ±0.00 


2.67 ± 2.08 
2.00 ± 2.65 


748 ± 58.6 


4.4 ng Hsp70 + 2.0 ng 
NLLRLTGWGSGSIINFEKL 

(SEQ ID NO.880) 


12.0 ± 5.2 


2.67 ± 0.58 j 


1.67 ± 1.15 I 




742 ± 72.6 


TTug Hsp70 + 2.4 |ig 
NLLRLTGWFFRKSIINFEKL 

(SEQIDNO:881) 


770 ± 80.6 


3.33 ± 1.53 


3.67 ± 1.53 


4.33 ± 1.53 


459 ± 149 


2.4 ^g 

NLLRLTGWFFRKSIINFEKL 

(SEQIDNO:881) 

(no hsp70) 


151 ±20.7 


1.00 ± 1.00 


1.67 ±0.58 


0.00 ± 0.00 
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FX AMPLE 6 



A further experiment was 



carried out similar to that described above. 



(200-12) ___ 



Immunogen 



4.4 ngHsp70 



NiSS^f^i^" ^00,000 CDS T cells 



SIINFEKL 

(SEQID 
NO:868) 



0.67 ±0.58 



4.4 Hsp70 + 0.9 
jxg SIINFEKL 

(SEQ ID NO:868) 



4.4 ^g Hsp70 + 2.00 

NLLRLTGWGSG- 
SIINFEKL 

(SEQ ID NO:880) 



Medium Unpulsed 
control I control 



VSV 
control 



0.00 ±0.00 0.3U± 0.7 1 



333^252^ ' 0.00 ± 0.00"T033 ± 0.58 



134 ± 4.16 



4.4 ng Hsp70 + 2.4 

jig 

NLLRLTGWFFRK- 

SIINFEKL 
(SEQIDNO:881) 



2.4 \ig 

NLLRLTGWFFRK- 
SIINFEKL 

(SEQIDNO:881) 



680 ±23.0 



1.33 ± 1.53 0.07 ± 1.15 



1.00 ± 1.41 



0.33 ±0.58 



Con A 
positi 



ve 



control 



552 ±24.0 



450 ± 69.0 



1.00 ± 1.00 



0.00 ± 0.00 0.00 ± 



0.00 1.67 ±0.^8 



211 ±17.0 



0.00 ±0.00 O.^U±0.71 



865 ± 93.0 



CTL assay: 
% killing at 
200:1 E/T 



8.45 ±41.3 



43.0 ± 21.2 



31.9 ± 5.41 



801 ±56.6 



l.00±0.00 



688 ±41.7 



84.6 ±1.70 



9.91 ±5.57 
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F X AMPLE 7 



[0105] As in the prior in vivo experiments, B6 mice were immunized s.e. ,0 evaluate 



complexes of hsp70 with hybrid antigens 



made using other short peptide linkers, including 



<usta g one-letter amino-acid codes, FFRK (SEQ ID NO:699), RK, AKVL (SEQ D> 
NO:700>, QLK and PR, and a, different dose, An ex vivo IFN-7 EUSPOT assay was 



performed as described above 



. The results including the control values are as follows. 



(200-13) 



Immunogen 



4.4 tig Hsp70 + 2A[ig 
NLLRLTGWFFRKSIINFEKL 

(SEQIDNO:881) 



Number of Spots per 300,000 cells 



SIINFEKL 



114 ±21 



4.4 \ig Hsp70 + 2A\ig 
NLLRLTGWRKSIINFEKL 

(SEQ ID NO:882) 



70 ±8.5 



0.9 ug Hsp70 + 0.48jig 
NLLRLTGWFFRKSIINFEKL 



(SEQIDNO:881) 



0.9 ng Hsp70 + 0.48ng 
NLLRLTGWRKSIINFEKL 

(SEQ ID NO:882) 



NLLRLTGWFFRKSIINFEKL 



(SEQIDNO:881) 



98 ±0.41 



29 ±2.2 



11 ± 1.8 



Medium 
control 



1.0 ± 1.2 



1.3 ± 1.1 



67 ± 0.82 



0±0 



Unpulsed 
control 



1.0±0 



0.67 ± 0.82 



1.3 ±1.1 



0.67 ± 0.82 



1 ±0 



0±0 



VSV control 



0.67 ±0.41 



2.7 ± 1.1 



4.3 ±2.3 



0±0 



0.67 ±0.82 
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200-21 





NuTnber off Spots per 400,000 cells 




Immunogen 


SIINFEKL 

(SEQ ID 
NO:868) 


Medium 
control 


Unpulsed 
control 


VSV control 

2.67 ± 2.68 


4.4 ug Hsp70 + 2.4ug 
NLLRLTGWFFRKSIINFEKL 

(SEQIDNO:881) 


124 ±8.8 


0.33 + 0.41 


0.67 ± 0.82 


0.67 ±0.41 


4.4 ug Hsp70 + 2.4ug 
NLLRLTGWAKVLSIINFEKL 

(SEQ ID NO:886) 


95 ±12 


1.33 + 0.82 


1.0 ±1.2 





200-23 





Number of Spots per 400,UUU cens 




Immunogen 


SIINFEKL 

(SEQ ID 
NO:868) 


Medium 1 
control 


Unpulsed 
control 


VSV control 

0.67 ± 0.58 


4.4 ug Hsp70 + 2.4 ug 
NLLRLTGWFFRKSIINFEKL 

(SEQIDNO:881) 


318 ± 17 


0.67 ±0.51 


0.67 ±0.58 


3.7 ±2.5 


4.4 ug Hsp70 + 2.4 ug 
NLLRLTGWQLKSIINFEKL 

(SEQIDNO:887) 


174 ± 18 


0.0 ± 0.0 


0.0 ± 0.0 




TTug Hsp70 + 2.4 ug 
NLLRLTGWFRSIINFEKL 

(SEQ ID NO:888) 


53 ±2.9 


0.0 ± 0.0 


0.67 ± 0.58 


1.0 ± 1.0 
0.67 ± 0.58 


2.4 ug 

NLLRLTGWFRSIINFEKL 
(SEQ ID NO:888) 


31 ±5.7 


1.0 ±1.7 


0.0 ±0.0 
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FX AMPLE 8 



Similar in vivo studies in B6 mice as those described above were performed using 
formulations without added hsp70. The results are as follows. 



(200-17) 



Immunogen 



Number of Spots per 400,000 cells 



10 *ig SHNFEKL (SEQ ID 
NO:868) 



0.5 ug 

NLLRLTGWFFRKSIINFEKL 



SIINFEKL 

(SEQ ID 
NO:868) 



2.33 ±0.41 



(SEQIDNO:881) 



2.5 ug 

NLLRLTGWFFRKSIINFEKL 
(SEQIDNO-.881) 



25 ug 

NLLRLTGWFFRKSIINFEKL 
(SEQDDNO:881) 



28 ± 2.7 



46 ± 4.3 



Medium 
control 



0.33 ±0.41 



Unpulsed 
control 



1.33 ±0.82 



1.0 ±1.7 



0.33 ±0.41 



VSV control 



2.0 ±0.41 



1.33 ± 1.1 



1.7 ±0.41 



2.0 ± 1.2 



3.0 ±0.71 



Con A 

positive 

control 



928 ±72 



906 ± 17 



930 ± 23 



1007 ± 17 



FXAMPLE 9 



Similar in vivo studies in B6 mice as those described above were performed usmg 
formulations with or without nsp70. fn addition, one studv was carried our .n whtch hvbnd 
dministered with free heat shock protein-binding domain peptide 



antigen was co-a< 
10 (NLLRLTGW) (SEQ ID NO.870). The results are as follows 
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fVSV-72-02) 


Number of spots per 400,001) cells 




Immunogen 1 


SIINFEK 
L 

(SEQ ID 
NO:86o) 


Mediu 

m 
control 


Unpulse 
d control 


vsv 

control 


Con A positive 
control 


CTL 

% 
killing 

at 
200:1 
E/T 

32% 


4ug Hsp70+ 2.0ng 
NLLRLTGWFFRKSIINFEKL 

(SEQIDNO:881) 


48 ±11 


0.0 ± 1.0 


0.0 ± 1.0 


4.0 ± 2.0 


588 ±151 


24% 


2.0ng 

NLLRLTG WRKS IINFEKL 
(SEQ ID NO:882) 


24 ±1 


1.0 ± 1.0 


1.0 ±1.0 ' 


5.0 ±3.0 
1 1.0 ±1.0 


842 ±73 


18% 


2.0 

NLLRLTGWFFRKSIINFEKL 
(SEQIDNO:881) 

+ 50-fold excess NLLRLTGW 
(SEQ ID NO:867) 


2.0 ± 1.0 


1.0 ±1.0 


0.0 ± 1.0 




422 ± 54 


6% 


SIINFEKL (SEQ ID NU:80»; 


1.0 ± 1.0 


0.0 ±0.0 


0.0 ± 1.0 


1.0 ± 1.0 


478 ± 67 





FV AMPLE 10 

The VSV epitope used as a control in many of the foregoing experiments, RGYVYQGL 
5 (SEQ ID NO:879), was used as the epitope in preparing further hybrid antigens of the 
invention, and evaluated for induction of an immune response in similar experiments as 
described above. 
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(VSV-72-02) 



Immunogen 



4ug HSP plus 2ug 
NLLRLTGWFFRKSIINFEKL 

(SEQIDNO:881) 



Number of Spots per 400,000 cells 



SIINFEKL 

(SEQID 
NO:868) 



48 ±11 



4ug HSP plus 2ug 
NLLRLTGWFFRKRGYVYQGL 

(SEQ ID NO:884) 



4ug HSP plus 6ug 

mIrltgwffrkrgyvyqgl 

(SEQ ID NO:884) 



1.0 ±1.0 



6.0 ±3.0 



Medium 
control 



1.0 ±1.0 



1.0 ±1.0 



2.0 ±2.0 



Unpulsed 
control 



0.0 ± 1.0 



4.0 ±2.0 



12 ±3.0 



vsv 

(RGYVYQGL) 
(SEQID 
NO:867) 



4.0 ±2.0 



20 ± 1.0 



104 ± 13 



10 
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FX AMPLE 11 

„, order ro evaluate the efficacy of the aforemenrioned hybrid antigens and complexes wirh 
K.P70 on ft. — r of disease, a mode, was urilized in which 20,000 E7 rumor eel, 
nrodifled to express ovalbnmin (designated E.G7) were spontaneously implanted m B6 
mi ce. Ten mice were used per treatment group. This model is described, for example rn 

„ . . c . r; W 07-^485-3490. The results in number ot mice 
Moroi etal., 2000, Proc. Nat. Acad. Set. C/5A 97.348D ^u. 

wWl rumors over rime are shown in Fignre L After 3 . days, none of .0 rn.ee — d 
with hsp70:NLLRLTGWFFRKSIINFEKL (SEQ ID NO:881) developed tumors, nor d,d 
mice immunized with SIINFEKL (SEQ ID NO-.868) emulsified in Tirermax adjuvan, 

of 10 mice vaecinared wim NLLRLTGWFFRKSIINFEKL (SEQ ID NO:8 81 > alone 
(no hsp70, had tumors. Five o, ,0 mice vaccinated with hsp70 : SIINFEKL (SEQ ID 
NO: 868) had rumors, and 9 of 10 mice immunize* wim Tirermax and buffer alone had 
tumors. 
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FX AMPLE 12 



The in-vitro antigen presentation assay described above was utilized further in order to 
evaluate the formulations of the invention. To demonstrate the requirement of the hybnd 
antigens of the invention for hs P 70, whether supplied in the formulation or endogenously 
available, for entry of the hybrid antigen and more specifically its antigen into the anUgen 
presentation pathway, the assay was performed with the following formulations, wxth the 
results indicated. 

(200-MF-41) 



Formulation 


Pg/ml IL-2 produced by B3Z 
cells 


0.5 ng SHNFEKL (SEQ ID NO:868) 


2690 ±369 


5 ng NLLRLTGWFFKKSIINFEKL 
(SEQIDNO:881) 


46 ±11 


5 ng NLLRLTGWJhVRKSIINFEKL 
(SEQ ID NO:881) plus 1.4 ug hsp70 


3920 ± 344 


1.4 ug Hsp70 


0.0 ±0.0 



10 



15 



EXAMPLE 13 



[0106] The HHD II mouse model bearing a human HLA-A2 complex described by Firat et 
al 1999, "H-2 class I knockout, HLA-A2.1 -transgenic mice: a versatile animal model for 
preclinical evaluation of antitumor immunotherapeutic strategies," Eur J Immunol. 29:31 12- 
21 was used in the following experiments to evaluate human HLA-A2 epitopes in hybnd 
aniigens of the invention. The "IMD" peptide epitope HMDQVPFSV (SEQ ID NO:874) 
from the human melanoma antigen gplOO was evaluated in a hybrid antigen of the invention 
at low and high dose in the HHD II model. Similar methods to those described above were 
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used for the ELISPOT assay, with test peptides being the IMD peptide and, as a control, a 
peptide from the melanoma antigen tyrosinase, YMDGTMSQV (SEQ ID NO:875) 
("YMD"). The results are shown on the following table. 

(HHD II 200-72-02) 





Number of Spots per 400,000 cells 




Immunogen 


IMD 


Medium control 


Unpulsed control 


YMD control 


4^g hsp70 and5ng 
NLLRLTGWFFRKIMDQVPFSV 

(SEQ ID NO:889) 


139 ± 11 


0.67 ± 0.58 


1.0 ± 1.0 


3.7 ±0.58 


4^ hsp70 and lO^ig 
NLLRLTGWFFRKIMDQVPFSV 

(SEQ ID NO:889) 


217 ± 3.2 


0.67 ±0.58 


4.0 ±6.0 


2.7 ± 1.5 


2\ig 

NLLRLTGWFFRKIMDQVPFSV 
(SEQ ID NO:889) 


27 ± 5,1 


0.0 ±0.0 ~~~ 


0.0 ±0.0 


2.0 ± 2.0 


A similar experiment in HHD II mice carried out using YMD as the epitope in the hybrid 
antigen, in a complex with hsp70, as follows. 

(200-72-01) 


Immunogen 


Number of Spots per 400,000 cells 


YMD 


Medium control 


Unpulsed control 


IMD control 


4\ig hsp70 and 5^ig 
NLLRLTGWFFRK YMDGTMSQV 

(SEQ ID NO:890) 


33 ±7.8 


1.0 ±0.0 


1.0 ±0.0 


1.0 ± 1.4 


4nghsp70and 10^g 
NLLRLTGWFFRK YMDGTMSQV 

(SEQ ID NO:890) 


323 ±44 


0.0 ± 0.0 


1.5 ±0.71 


1.5 ±0.71 


1 ' _ NYJD: 156098: 
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FX AMPLE 14 



A„ epUope from Sendai virus (SdV), FAPGNYPAL (SEQ ID NO:891), was evaluared in 
hybrid antigens of the invention in B6 mice, simi.ar ,o tire above. The resn.fs are as 



follows. 



5 (200-18) 





— Number of Spots per 400,000 cells 


Xmmunogen 


SdV 


Medium 
control 


SIINFEKL 

(SEQ ID 
NO:868) 
control 


4ug hsp70 and 2^ig 
NLLRLTGWFFRKSnNFEKL 

(SEQIDNO:881) 


1.3 ±1.2 


1.0 ±1.0 


197 ±27 


2ug 

NLLRLTGWFFRKRGYVYQGL 
(SEQ ID NO:884) 


0.33 ±0.58 


0.0 ± 0.0 


87 ±20 


4ug hsp70 and 2\ig 
NLLRLTGWFFRKFAPGNYPAL 

(SEQ ID NO:892) 


38 ±17 


0.33 ± 
0.58 


1.0 ± 1.0 


I3ug hsp70 and7*ig 
NLLRLTGWFFRKFAPGNYPAL 

(SEQ ID NO:892) 


169 ±32 


4.3 ±1.5 


7.0 ±3.5 
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m-vivo experiments on co-administration of two hybrid antigens of the invention with 
hsp70 to B6 mice was performed. Hybrid antigens containing SIINFEKL (SEQ ID 

a orvvYfinL (SEO ID NO:879) from VSV were admixed 
NO:868) from ovalbumin and RGYVYQCjL (buy iv ixv,.o , 

and immunized with hs P 70. The results are as follow. 



71 



NYJD: 1560983.1 



(OVA-VSV-72-01) 





Number of Spots per 400,000 cells 


Immunogen 


VSV 


Medium 
control 


Unpulsed 
control 


OVA 


2\ig hsp70 

NLLRLTGWFFRKSIINFEKL 
(SEQIDNO:881) 

2\ig 

NLLRLTGWFFRKRGYVYQGL 
(SEQ ID NO:884) 


77 ± 19 


2.0+1.0 


2.0 ± 1.0 


366 ± 19 


2ng hsp70 

NLLRLTGWFFRKSIINFEKL 
(SEQIDNO:881) 

6^g 

NLLRLTGWFFRKRGYVYQGL 
(SEQ ID NO:884) 


185 ±9 


1.0 ± t.o 


4.0 ± 2.0 


349 ± 10 



FX AMPLE 16 



10 



As noted above, in one aspect of the invention, formulations containing a plurality of hybrid 
antigens comprising different antigenic epitopes may be formulated with one or more heat 
shock proteins for immunization in humans in order to elicit an effective immune response 
to treat or prevent a disease. For example, for treating human melanoma, a formulation 
comprising 8 different melanoma epitopes may be prepared as hybrid antigens, and 
formulated, for example, with hsp70. In this particular formulation, the heat shock protein 
binding domain NLLRLTGW (SEQ ID NO:870)at the N-terminus is used for all epitopes, 
linked to the epitope at the C-terminus using the peptide linker FFRK (SEQ ID NO:699). 
Other binding domains and linkers are embraced herein. This particular formulation is 
useful for treating patients with the HLA-A2 haplotype. A formulation comprises the 
following hybrid antigens with hsp70: 
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Source and amino acid sequence ot 
antigen 

gp 100: amino acids 209-217 (modified T 
210M) 


Hybrid antigen sequence 


NLLRLTGWFFRKIMDQVPhS V 
(SEQ ID NO:889) 


tyrosinase: amino acids 368-376 (modified 
370 D) 


NLLRLTGWFFKKYMDGTMSQ v 


"Melan-A: amino acids 26-35 (modified 27L) 


NLLRLTGW FFRKEL AGIG1LT V 


NY-ESO-1: amino acids 157-165 (modified 
165V) 


1 NLLRLTGWFFRKSLLMWITQV 
(SEQ ID NO: 894) 


TRP-2: amino acids 180-188 


NLLRLTGWFFRKSVYDFFVWL 
(SEQ ID NO:895) 


MAGE- 10: amino acids 254-262 


GLYDGMEHLGSGNLLRL1 UW 
(SEQ ID NO:896) 


gplOO: amino acids 280-288 (288V) 


"' YLEPGPVTVGSGNLLRL.1U W 
fSEO ID NO:897) 


SSX-2: amino acids 41-49 


KASEKIFYVGSGNLLRLTGW 
(SEQ ID NO: 898) 



10 



in one embodiment, approximately equal amounts of the foregoing 8 hybrid antigens may 
be complexed with hs P 70, and administered in saline. In another embodiment, a 
formulation comprises the first five hybrid antigens listed. The aforementioned 
formulations containing heat shock protein in saline optionally may contain ADP to 
stabilize the complexes, as well as other components, such as excipients, diluents and 
carriers, as mentioned above. In another embodiment, an admixture of the foregoing 8 
hybrid antigens, or the first 5 listed, is formulated in saline for administration without a heat 
shock protein. 
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FX AMPLE 17 



Prime-boost protocols were valuated in this experiment. Using the 
NLLRLTGWFFRKSIINFEKL (SEQ ID NO:881) hybrid antigen, or without co- 
administered hs P 70, the following 5 protocols were followed: 1) administer at day 0, 
5 analyze at day 7; 2) administer at days 0 and 7, analyze at day 21; 3) administer at day 0, 
analyze at day 21; 4) administer at days 0 and 14, analyze at day 28; and 5) administer at 
day 0 and analyze at day 28. The results in number of spots per 400,000 cells, were as 
follows. 



(200-28-72-01a, -01b, -01c) 



Protocol day(s) immunized 


0 


0,7 


0 


0, 14 


0 


Protocol day analyzed 


7 


21 


21 


28 


28 


SIINFEKL 
(SEQ ID NO:868) 


3.0 ±2.0 


2.0 ± 1.0 


0.0 ±1.0 


1.0 ± 1.0 


1.0 ± 1.0 


2ug hsp70, 4ng SIINFEKL 
(SEQ ID NO:868) 


3.0 ± 1.0 


6.0 ± 1 .0 


22 ± 8.0 


3.0 ± 2.0 


20 ±5.0 


2ug 

NLLRLTGWFFRKSIINFEKL 
(SEQIDNO:881) 


72 ±5.0 


24 ±6.0 


42 ± 7.0 


25 ± 9.0 


82 ±11 


2ug hsp70 and 4ng 
NLLRLTGWFFRKSIINFEKL 

(SEQIDNO:881) 


99 ± 12 


98 ± 11 


141 ± 14 


398 ± 18 


27 ± 2.0 


2ng hsp70 


5.0 ±6.0 


3.0 ±2.0 


3.0 ±0.0 


1.0 ± 1.0 


4.0 ± 3.0 



10 
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Further experiments were performed with mixtures of hybrid antigens to demonstrate 
eliciting of an immune response to the component antigens, as above. In this expenment, 
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hybrid an.ig.ns containing SIINFEKL (SEQ ID NO:868) and the VSV peptide 
RGYVYQGL (SEQ ID NO: 879) were used. 



(VSV/OVA-72-02) 



Immunogen 



Number of Spots per 300,000 cells 



SIINFEKL 



3.7 ng hsp70 
2ug 

NLLRLTGWFFRKSHNFEKL 
(SEQIDNO:881) 



238 ±27 



\i.2\ig hsp70 
6l*g 

NLLRLTGWFFRKSHNFEKL 
(SEQIDNO:881) 



330 ±45 



3.7 hsp70 
2ug 

NLLRLTGWFFRKRGYVYQGL 
(SEQ ID NO:884) 



1.0 ± 1.0 



Medium 
control 



0.0 ±0.0 



11.2ng hsp70 
6ug 

NLLRLTGWFFRKRGYVYQGL 
(SEQIDNO:884) 



2.0 ±2.0 



3.7 nghsp70 
2ug 

NLLRLTGWFFRKSHNFEKL 
(SEQIDNO:881) 

2ug 

NLLRLTGWFFRKRGYVYQGL 
(SEQ ID NO:884) 



179 ±4.0 



11.2ng hsp70 
6ug 

NLLRLTGWFFRKSIINFEKL 
(SEQBDNO:881) 

6ug 

NLLRLTGWFFRKRGYVYQGL 
(SEQ ID NO:884) 



310 ± 13 



1.0 ± 1.0 



1.0 ± 1.0 



2.0+1.0 



2.0 ± 2.0 



1.0 ± 1.0 



Unpulsed 
control 



1.0 ± 1.0 



0.0 ± 0.0 



0.0 ± 0.0 



VSV 
(RGYVYQGL) 

(SEQ ID 
NO:879) 



2.0 ± 0.0 



1.0 ±1.0 



1.0 ± 1.0 



5.0 ± 2.0 



4.0 ± 1.0 



61 ±11 



147 ± 20 



165 ± 11 



242 ± 52 
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FX AMPLE 19 



The binding affinity for hybrid antigens comprising heat shock protein binding domain 
NLLRLTGW (SEQ ID NO:870), antigenic domain SIINFEKL (SEQ ID NO:868) (from 
ovalbumin) or RGYVYQGL (SEQ ID NO:879) (from VSV protein) and various Imkers set 
forth in Example 32 were carried out as described in Example 17. The antigenic domams 
alone had a Kd for hs P 70 binding of 235 pM and 82 pM, respectively. The results are 
shown below. 



Hybrid antigen 


Kd for binding to 1 
HSP70 


NLLRLTGWGSGSIINFEKL 
(SEQ ID NO:880) 


1.6 pM 


NLLRLTG WFFRKS IINFEKL 
(SEQ ID NO:881) 


2.2 uM 


NLLRLTGWRKSIINFEKL 
(SEQ ID NO: 882) 


0.8 pM 


NLLRLTGWAKVLS IINFEKL 
(SEQ ID NO:886) 


2.0 pM 


NLLRLTGWQLKS IINFEKL 
(SEQ ID NO:887) 


0.4 pM 


NLLRLTGWFRSIINFEKL 
(SEQ ID NO:888) 


1.5 pM 


NLLRLTG WGSGRGYV Y QUL 
(SEQ ID NO:883) 


1.4 pM 


NLLRLTG WFFRKRGY V YQGL 
(SEQ ID NO:884) 


1.0 pM 


NLLRLTG WRKRGYV Y QUL 
(SEQ ID NO:885) 


0.6 pM | 
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FX AMPLE 20 



Further studies were carried ou, to evaluate the immunogenic^ of hybrid antigens when 
administered alone to B6 mice, widrou, coadministration of hsp70. The methods for 
evaluation using IFN-T EL1SPOT are as described above. 



5 (Control 200-24 and 200-30) 



Immunogen 


SIINFEKL 

(SEQ ID 
NO:868) 


Number of Spot 

SWDFITV 

(SEQ ID 
NO:8i4) 


,„ inn nnn cc*\} 
s per ^iiu^uw ici* 

Medium 


Unpulsed 
Splenocytes 


25 jig 

NLLRLTGWFFRKSIINFEKL 
(SEQIDNO:881) 


109 ± 14 


NT 


0±0 


3.0 ±2.0 


24.9 jig 

NLLRLTGWFFRKSSWDF1TV 
(SEQ ID NO:899) 


NT 


26 ±5 


0.67 ± 0.58 


0.33 ±0.58 


2.1 Jig 

NLLRLTGWFRSIINFEKL 
(SEQ ID NO:888) 


12±2 


NT 


0.67 ±0.58 

1 


0.67 ±0.58 



NT not tested 



F X AMPLE 21 

Hybrid antigens were prepared comprising two antigens, separated by a linker as described 
10 above, such that the hybrid antigen has the following general structure: 

(Heat shock protein binding domain) - (linker) - (Antigen 1) - (linker) - (Antigen 2). 

While in this example me hea, shock protein binding domain is at the N-terminal portion of 
the hybrid antigen, mis is no, necessarily the case and hybrid antigens with the hea, shock 
protein binding domain a, me C-,erminus, or in-between the two antigenic domains, is 
,5 embraced by me present invention. Furthermore, although in the examples below the same 
link er peptide is used between me antigenic domains and between the antigenic domain 
proximal to the heat shock protein binding domain, this is not necessarily the case and 

F NYJD: 1560983.1 
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10 



Afferent linker peptides may be user, Moreover, the presence o, One linker in one or bo* 
positions is option*. And furthermore, three or more antigenic peptides may be used. 



simi 



plicity, such hybrid antigens with two or more 



antigenic domains is termed a tandem 



! or more 



hybrid antigen. Snch tandem hybrid antigen compositions, complexes of one , 
tand em hybrid antigens and a heat shock protein, and methods of eliciting an immune 
response or preventing or treating a 



disease by administering one or more tandem hybrid 
antigens or complexes of at least one heat shock protein and at least one tandem hybrid 
antigen are fully embraced herein. 

ti. Mowing experiments compare the immunogenic!,, of the admixture o, two hybrid 
antigens and a tandem hybrid antigen comprising the same antigens, and a dose response 
stud y. h, one experiment, a peptide comprising two linkers and epitopes bu, no beat shock 
protein binding domain was included. 

(Control-200-72-01) 



_ -*i\f\ oaIIc 




Number ot fcpots per ouu,uw 


Immunogen 


SIINFEKL 

(SEQ ID 
NO:868) 


Medium 
control 


Unpulsed 
control 


RGYVYviiiL* 

(SEQID 
NO:879) 


19.2 ug 

NLLRLTGWFFRKSIINFEKLFFRKRGYVYGL 
(SEQ ID NO:900) 


390 ± 56 


1.7 ±1.1 


3.0 ± 1.9 


146 ± 13 


19.2 tig 

NLLRLTGWFFRKRGYVYQGLFFRKSIINFEKL 
(SEQIDNO:901) 


180 ± 11 


1.3 ±1.1 


2.7 ± 1.1 


321 ±5.8 



15 
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(S200-72-02) 





Number of Spots per 300,000 ceus 


Immunogen 


SIINFEKL 

(SEQ ID 
NO:868) 


Medium 
control 


RGYVYQGL 

(SEQ ID 
NO:879) 


7.3 ng 

FFRKSIINFEKLFFRKRGYVYQGL 

(SEQ ID NO:883) 


8.3 ± 1.1 


1.7 ±0.4 


31 ± 5.5 


9.6 Hg 

NLLRLTGWFFRKSIINFEKLPFRKRGYVYQG 
(SEQ ID NO:902)L 


713 ± 13 


9.0 ± 1.2 


207 ±8.2 


9.6 ng 

NLLRLTGWFFRKRGYVYQGLFFRKSIINFEKL 
(SEQ ID NO.903) 


69 ±12 


0.7 ±0.4 


460 ± 14 



(S200-72-12) 





Number of Spots per 300,OUU cells 


Immunogen 


SIINFEKL 

(SEQ ID 
NO:868) 


Medium 
control 


RGYVYQGL 

(SEQ ID 
NO:879) 


20 ng 

NLLRLTGWFFRKSIINFEKLFFRKRGYVYQGL 
(SEQ ID NO:900) 


410 ±49 


0.3 ±0.4 


250 ± 11 


10 Hg 

NLLRLTGWFFRKSIINFEKLFFRKRGYVYQGL 
(SEQ ID NO:900) 


360 ± 13 


0.3 ±0.4 


100 ± 10 


5 (ig 

NLLRLTGWFFRKSIINFEKLFFRKRGYVYQGL 
(SEQ ID NO.900) 


130 ±3.3 


0±0 


35 ±6.6 


20 |ig 

bn^LRLTGWFFRKRGYVYQGLFFRKSUNFEKL 
(SEQIDNO:901) 


150 ±6 


0±0 


380 ± 12 

83 ±5 1 


10 ^ 

NLLRLTGWFFRKRGYVYQG1PFRKSIINFEKL 
(SEQIDNO:901) 


30 ±3 


0±0 
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ta this and other experiments, the epitope proximal to the heat shoe* protein btndrng 
domain exhibited me strongest immttne response, and thus me positioning of me selected 
epitopes selected for me vaccine formations of the invention may be post.toned to 
eonnibute maximally to the overall immunogenic!., of the formulation, whether 
5 administered in me absence of hea, shock proteins or administered as complexes wth hea, 
shock proteins. 

F X AMPLE 22 

ta the following experiments, admixtures o, modem hybrid antigens were — dfor 
im munogenicity. In addition to the H2-K» Class I peptides from ovalbumtn (SICNEEKL) 
,0 (SEQ H> NO:868) and from VSV (RGYVYQGL.) (SEQ ID NO:879), the H2-K> P-casem 
peptide IAYFYPEL (SEQ ID NO:904) and me Sendai virus peptide FAPGNYPAL (SEQ 
B) NO-891) were also used. In another experiment, two tandem hybrid antigens wtm the 
same antigenic peptides in alternate configurations were admixed. Strong immune 
responses to four epitopes were elicited. 

15 All of the formulations herein included 1 mM ADP. In one experiment described below, 
ADP was omitted. 
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(200-72-04) 









Number of Spots per ,3uu,uuu ceii* 




Immunogen 


SIINFEKL 

(SEQ ID 
MO-R6R1 ! 


RGYVYQ 
GL 

(SEQID 
NO:879) 


IAYFYPEL 

(SEQID 
NO:904) 


FAPG 
NYPA 
L 1 

(SEQ 
ID 

NO:891 
) 


9.6 ug 

NLLRLTGWFFRKSIINFEK1JTRKRGYVY 
QGL 

(SEQ ID NO:900) 


537 ± 16 


150 ± 10 


4.7 ±0.8 


5.7 ± 
2.5 




9.7 ug 

NLLRLTGWFFRKIAYFYPELFFRKFAPGN 
YPAL 

(SEQ ID NO:905) 


1 7 4.1 1 

1./ ±1.1 


1.7 ± 0.8 


128 ±9.2 


136 ± 
6.6 




9.6 ng 

NLLRLTGWFFRKSIINFEKLFFRKRGYVY 
QGL 

(SEQ ID NO:900) plus 

9.7 ug 

NLLRLTGWFFRKIAYFYPELFFRKFAPGN 
YPAL 

(SEQ ID NO:950) 


363 ±31 


256 ± 5.3 


127 ±7.9 


155 ± 
28 
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S200-72-13 



Number of Spots per 300,000 cells 



Immunogen 



9.6 ug 

m.LRLTGWFFRKIAYFYPELFF 

RKFAPGNYPAL 
(SEQIDNO:905) 

plus 
9.6 ug 

NLLRLTGWFFRKSIINFEKLFFR 
KRGYVYQGL 
(SEQ ID NO:900) 



(SEQ ID (SEQ ID 

NO:879) I NO:904) 



(SEQ ID 
NO:868) 



388 ±6.8 



9.6 ug 

NLLRLTGWFFRKRGYVYQGLF 

FRKSIINFEKL 

(SEQ ID NO:903) 

Plus 

9.6 ug 

NLLRLTGWFFRKIAYFYPELFF 

RKFAPGNYPAL 
(SEQBDNO:905) 



76 ± 1.9 



72 ±5.0 



FAPGNYPAL 

(SEQ ID 
NO:891) 



402 ± 17 



159 ±8.3 



115 ±20 



379 ±30 



172 ±5.9 
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S200-72-13 



Immunogen 



9.6 ug 

NLLRLTGWFFRKSIINFEKLFFRKRGYVYQGL 
(SEQ ID NO:900) 



9.6 ug 

NLLRLTGWFFRKRGYVYQG1JFRKSIINFEKL 
(SEQ ID NO:903) 



Number of Spots per 300,000 cells 



SIINFEKL 

(SEQ ID 
NO:868) 



450 ± 10 



RGYVYQGL 

(SEQ ID 
NO:879) 



82 ±4 



273 ± 12 



445 ±30 



9.6 

NLLRLTGWFFRKSIINFEKLFFRKRGYVYQGL 
(SEQ ID NO:900) plus 
9.6 ug 

NLLRLTGWFFRKRGYVYQGLFFRKSIINFEKL 
(SEQ ID NO:903) 



202 ±7.6 



188 ± 24 



IAYFYPEL 

(SEQ ID 
NO:904) 



3.0 ± 1.4 



1.3 ± 0.41 



1.0 ±0.7 



Medium 



0.33 ±0.41 



0±0 



0.67 ±0.41 



S200-72-13, no ADP 





Number of Spots per 3UU,000 cells 


Immunogen 


SIINFEKL 

(SEQ ID 
NO:868) 


RGYVYQGL 

(SEQ ID 
NO:879) 


IAYFYPEL 

(SEQ ID 
NO:904) 


Medium 


9.6 tig 

^RLTGWFFRKSHNFEKIJFRKRGYVYQGL 
(SEQ ID NO:900) 


228 ± 2.5 


126 ±2.9 


1.7 ±0.4 


0±0 


9.6 ug 

NLLRLTGWFFRKRGYVYQGOTRKSIINFEKL 
(SEQ ID NO:903) 


83 ±9 


189 ± 19 


13 ±15 


0.33 ±0.41 


9.6 ug 

NLLRLTGWFFRKSIINFEKLFFRKRGYVYQGL 
(SEQ ID NO:900) plus 


115 ±7.8 


86 ±11 


0.33 ±0.41 


0±0 


9.6 ug 

NLLRLTGWFraKRGYVYQGLFFRKSIINFEKL 
(SEQ ID NO:903) 
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FX AMPLE 23 



to toe following experiment, up to five antigenic peptides are delivered and tndnce 
immunogenic!,, without co-administered HSP70, when administered as an admtxturc of 
t „„ tandem hybrid antigens and a sin gl e hybrid antigen ,0 B6 mice. The tandem hybnd 
antigens included VSV and ovalbumin peptides in one, and p-casein and Senda, vtrus 
pepndes in me outer. The single hybrid antigen contained NS2-1 14 influenza peptide 
(RTFSFQLI) (SEQ ID NO:906). 



S200-72-15 







Number of Spots per 300,000 cells 




Immunogen 


SIINFEKL 

(SEQ ID 
NO:868) 


RGYVYQGL 

(SEQ ID 
NO:879) 


IAYFYPEL 

(SEQ ID 
NO:904) 


rAorTSJVPATi 
r Ax vjiN I rAti 

(SEQ ID 
NO:891) 


RTFSFQLI 

(SEQ ID 
NO.906) 




9.6 ug 

NLLRLTGWFFRKRGYVYQGL 
FFRKSIINFEKL (SEQ ID 
NO:903) plus 

19 ug 

NLLRLTGWFFRKIAYFYPELF 
FRKFAPGNYPAL (SEQ ID 
NO:905) 


67 ±6.1 


205± 20 


229 ±28 


266 ±33 


0 ±0 


9.6 ug 

NLLRLTGWFFRKRGYVYQGL 
FFRKSIINFEKL (SEQ ID 
NO:903) plus 

19 ug 

NLLRLTGWFFRKIAYFYPELF 
FRKFAPGNYPAL (SEQ ID 
NO:905) plus 

12.2 ug 

NLLRLTGWFFRKRTFSFQLI 
(SEQ ID NO.907) 


156 ±3.3 


299 ± 18 


175 ± 12 


125 ± 3.3 


33 ±4.7 
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The immunogenic^ of the foregoing single hybrid antigens administered without heat 
shock protein were evaluated in combination with helper T cell epitopes present in a hybnd 
antigen In most experiments, a H2-K b Class II epitope from ovalbumin, ammo adds 323- 
339 TEWTS SNVMEERKIKV (SEQ ID NO:908), was used (i.e., the hybrid antigen had a 
sequence of NLLRLTGWFFRKTEWTSSNVMEERKIKV) (SEQ ID NO.909). Inclusion 
of the Class II peptide-containing hybrid antigen increased the response to the Class I 
epitope on the average of about seven fold. 



10 (250-72-08) 





Number of Spots per 300,000 cells | 


Class I hybrid 
peptide-containing 
immunogen 


Response to 

Class I 

epitope 
when Class I 

hybrid 

antigen 
administered 


Response to 

Class I 
epitope when 
Class I and 
Class II 
hybrid 
antigen 
admixture is 
administered 


Medium 


Splenocytes 


24.2 >ig 

NLLRLTGWFFRKDAPIYTNV 
(SEQIDNO:910) 


2 ±1.9 


13 ±3.9 


0.7 ±0.4 


0±0 


24.9 \xg 

NLLRLTG WFFRKS S WDFITV 
(SEQIDNO:911) 


18 ±0.7 


98 ±5.8 


0.7 ±0.8 


0.7 ±0.4 


25.4 ng 

NLLRLTGWFFRKRTFSFQLI 
(SEQIDNO:912) 


5.3 ± 1.5 


43 ±7.6 


0.3 ± 0.4 


0±0 


25.5 ng 

NLLRLTGWFFRKIAYFYPEL 
(SEQIDNO:913) 


11±3 


73 ±9.8 


o±o 


o±o 
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FX AMPLE 25 



The effect on tamunogenicity of hybrid antigens co-admi„is,ered with various hyhnd 

anrigens containing H2-Kb Cass D peptides, in <he ahsenoe of he* shocic P'°"° 
5 luated. The Cass I peptides were either SSWDFITV (SEQ ID NO:9.4> or DAPfYTNV 
' (SEQ fD NO:915) ; Class II peptides included the ovalbumin peptide mentioned above a 

(SEy , „ iHNNT =TvSFWLRVPKVSASHL(SEQIDNO:916)(..e., 

Class II peptide from tetanus toxoid NNFTVbrwLKvriv 

"ehyJd antigen has a science o, NLLRL TGWEFRKNNFTVSFWU,VPKVSA HL 
5Sn> NO:917)>, or a HBVc (amino aoids 128-140, peptide, TPPAYRPPNAPfL (SEQ 
10 ID NO:918). 
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250-72-13 



Immunogen 


Number of Spots per 
300,000 cells 




Medium 


(SEQ ID 
NO:914) 


24.9 \ig 

NLLRLTGWFFRKS S WDFIT V 
(SEQK)NO:911) 


3.0 ±0.7 


78 ±3.9 


24.9 *ig 

xtt t pt TnWFFRKSSWDFITV (SEQ ID NO:91 1) plus 
27.4 ug 

NLLRLTGWFFRKTPPAYRPPNAPIL (SEQ ID NO:925) 


8.0 ±3.1 


84 ±7.1 


24.9 ug 

NLLRLTGWFFRKSSWDFITV (SEQ ID NO:91 1) plus 
33.6 ug 

NNFTVSFWLRVPKVSASHLGSGNLLRLTGW (SEQ ID 
NOQ26-I 


3.7 ± 1.1 


315 ± 15 


24.9 ug 

NLLRLTGWFFRKSSWDFITV (SEQ ID NO:91 1) plus 

^O.H- fig 

HWDFAWPWNGSGNNFTVSFWLRVPKVSASHL (SEQ ID 
NO:919) 


2.7 ±2.0 


135 ±5.7 


24.9 \ig 

NLLRLTGWFFRKSSWDFITV (SEQ ID NO:91 1) plus 
34.7 ug 

NLLRLTGWFFRKTEWTSSNVMEERKIKV (SEQ ID 
NO:909) 


1.7 ±0.4 


229 ± 12 



Thus a helper T eel! epitope may be included in a hybrid antigen as the only epitope, and 
administered as an admixture with other hybrid antigens containing Class 1 epitopes), or 
the helper T cell epitope can be included in a tandem hybrid antigen as one of the ep.topes. 
These are merely exemplary of the numerous variations upon the hybrid anttgen 
compositions of the invention. 
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EXAMPLE 26 



In a similar fashion to the previous example, the immunogenicity of a tandem hybrid 
antigen was evaluated with and without co-administration of a hybrid antigen containing the 
ovalbumin Class II peptide. 



5 S250-72-12 





Number of Spots per 300,000 cells 


Immunogen 


IAYFYPEL 

(SEQ ID 
NO:904) 


FAPGNYPAL 

(SEQ ID 
NO:906) 


Medium 


19 

NLLRLTGWFFRKIAYFYPELFFRKPAPG^^YPAL 
(SEQ ID NO:905) 


9.3 ±4.7 


17 ±9 


0.7 ±0.6 


19 ug 

NLLRLTGWFFRKIAYFYPELFFRKFAPG^nTAL 
(SEQ ID NO:905) 
Plus 
20.8 ug 

NLLRLTGWFFRKTEWTSSNVMEERKIKV 
(SEQ ID NO:909) 


44 ±5.1 


58 ±5.2 


0.7 ±0.6 
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250-72-15 



Immunogen 


Number of Spots per 300,0UU 
cells 

IAYFYPEL (SEQ ID NO:904) 


25.5 jig ~ 
NLLRLTGWFFRKIAYFYPEL 

(SEQIDNO:913) | 


3.7 ±3.1 


25.5 ug 

NLLRLTGWFFRKIAYFYPEL (SEQ ID NO:913) 

plus 

34.7 ug 

NLLRLTGWFFRKTEWTSSNVMEERKIKV 

(SEQ ID NO:909) 


133 ± 11 


25.5 ug 

NLLRLTGWFFRKIAYFYPEL (SEQ ED NO:913) 

plus 

25 Mg 

NLLRLTGWFFRKS IINFEKL (SEQ ID NO.881) 


88 ±9.9 
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Similar experiments with hybrid antigens comprising a helper T cell epitope 
administered with at least one tandem hybrid antigen, in the absence of co-a, 
a heat shock protein, were also carried out. 



5 250-72-12 





Number of Spots per 300,UUU ceils 




Immunogen 


Medium 


SIINFEKL 

(SEQ ID 
NO:868) 


RGYVYQGL 

(SEQ ID 
NO:879) 


IAYFVPEL 

(SEQ ID 
NO:904) 


FAPGNYPAL 

(SEQ ID 
NO:906) 


24 ixg 

NLLRLTGWFFRKIAYFYPELF 
FRKFAPGNYPAL (SEQ ID 
NO.905) 


0.7 ± 0.6 


NT 


NT 


9.3 ±4.7 


17 ± 8.7 


24 ug 

NLLRLTGWFFRKIAYFYPELF 
FRKFAPGNYPAL (SEQ ID 
NO.905) plus 

21 ug 

NLLRLTGWFFRKTEWTS SNV 
MEERKIKV (SEQ ID NO:909) 


0.7 ±0.6 


NT 


NT 


44 ± 5.1 ' 


67 ±5.5 


15 ug 

NLLRLTGWFFRKFAPGNYPA 
L (SEQ ID NO:892) 


0±0 


NT 


NT 


0.3 ± 0.6 


4.3 ±3.2 


15 ug 

NLLRLTGWFFRKFAPGNYPA 
L (SEQ ID NO:892) plus 

21 ug 

NLLRLTGWFFRKTEWTSSNV 
MEERKIKV (SEQ ID NO:909) 


0±0 


NT 


NT 


2.3 ±2.1 


58 ±5.2 
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An immunization study using hybrid antigens containing human Class I (HLA-A2) epitopes 
was performed in HHD II mice as described above. Animals were immunized with a 
complex made from 5 ug hs P 70 and 33 ug NLLRLTGWFFRKYMDGTMSQV (SEQ ID 
NO:890). The ELISPOT results in cells per 300,000 were: Medium, 1.33 ± 0.58; 
splenocytes 1 ± 0; splenocytes plus YMDGTMSQV (SEQ ID NO:875) 123 ± 13; and 
splenocytes plus IMDQVPFSV (SEQ ID NO:874) 4 ± 1. 



EXAMPLE 29 

In another experiment using HHDII mice, an immunogenic HLA-A2 epitope from Trp-2 
was used (SVYDFFVWL) (SEQ ID NO:920). Because this epitope is also a H2-Kb 
epitope, and the HHDII mice are on a B6 mouse (H2-Kb) background, an immune response 
induced against the Trp-2 peptide represents a breaking of tolerance to a self-epitope in the 
mouse model. The results of this experiment demonstrated that tolerance to this self- 
epitope was broken, and the present invention is further directed to methods of breaking 
tolerance by administering the hybrid antigens and complexes of the invention. 
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HHDII-200-72-03 



Immunogen 



4.33 \ig 

NLLRLTGWFFRKSVYDFFVWL (SEQ ID 
NO:895) plus 

25 ug 
hsp70 
8.66 ug 

NLLRLTGWFFRKSVYDFFVWL (SEQ ID 
NO:895) plus 

25 ug 
hsp70 



SVYDFFVWL I IMDQVPFSV 
Medium | (SEQ ID (SEQ ID 

NO:920) NO:874) 



4.1 ^g 

NLLRLTGWFFRKYMDGTMSQV (SEQ ID 
NO:890) plus 

25 ug 

hsp70 



3.0 



4.1 ug 

NLLRLTGWFFRKIMDQVPQV (SEQ ID 
NO:890) plus 

25 ug 
hsp70 



0.5 ±0.71 166 ±25 



3.5 ±0.71 114 ±11 



1.0 



1.0 ±1.4 2.0 ±2.0 



2.0 ± 1.4 



7.7 ±2.1 



2.0 ± 1.4 



YMDGTMSQV 

(SEQ ID NO:875) 



3.5 ± 0.71 



984 ±26 



11 ±3.1 



74 ±2.8 



2.3 ± 1.5 



FX AMPLE 30 



HHDII mice were used to evaluate the immunogenicity of complexes of hsp70 and three 
hybrid antigens comprising certain of the HIV viral component epitopes set forth m 
Example 27. 
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HHDII-200-72-07 



Immunogen 



36 \ig 

NLLRLTGWFFR 

KILKEPVHGV 

(SEQIDNO:922) 

+ 25 jig hsp70 



36 ug 

NLLRLTGWFFR 
KVIYQYMDDL 
(SEQ ID NO:923) 

+ 25 jig hsp70 



Number of Spots per 300,000 cells 



Medium 



1.0 ± 1.0 



0±0 



36 *ig 

NLLRLTGWFFR 
KSLYNT V ATL 
(SEQ ID NO: 924) 

+ 25 \ig hsp70 



0,67 ± 
0.58 



ILKEPVHGV 
(SEQ ID 
NO:98) 



34 ±12 



0.67 ± 0.58 



NT 



VIYQYMDDL I SLYNTVATL 
(SEQ ID (SEQ ID 

NO:921) NO:131) 



0±0 



24 ±6.1 



NT 



NT=not tested 



NT 



NT 



140 ±6.7 



FX AMPLE 31 

5 Admixtures of hybrid antigens containing H2-Kb epitopes complexed with hs P 70 were 
evaluated for immunogenicity in B6 mice as described above. 
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OBS-72-01 





Number of Spots per 300,000 cells 




Immunogen 


Medium 


Splenocytes 


illNFEKL F 

(SEQ ID 
NO:868) 


APGNYPAL 

(SEQ ID 
NO:906) 


IAYFYPEL 

(SEQ ID 
NO:904) 


2 ng NLLRLTG WFFRKS 11NFEKL 
(SEQ ID NU.ooi; 
+ 13.7ughsp70 


1 


2±1 


148 ± 11 


7±2 


3±2 


10 ug NLLRLTGWFFRKIAYFYPEL 

(SEQIDNO:913) 

+ 13.7ughsp70 


0 


2 ± 2 


3 ± 1 I 


8±2 


47 ±13 


10 ug ! 
NLLRLTGWFFRKFAPGNYPAL 

(SEQ ID NO:892) 

+ 13.7ughsp70 J_ 


3 


3±3 


3±2 


83 ±6 


6±1 


2 ug NLLRLTG W FFRKSHNFEKL 
(SEQIDNO:881) + 
10 jig NLLRLTGWFFRKIAYFYPEL 
(SEQK)NO:913) + 


2 


4±2 


94 ±4 


9±3 


29 ±4 


27.4 ug hsp70 ^ 

2 ug NLLRLTGWFFRKSIINFEKL 
(SEQIDNO:881) + 

10 ug 

NLLRLTGWFFRKFAPGNYPAL 
(SEQ ID NO:892) + 
27.4 ug hsp70 


3 


3±0 


169 ±7 


| 157 ±27 


4±2 


10 ug NLLRLTGWFFRKIAYFYPEL 
(SEQIDNO:8913)+ 

10 ug 

NLLRLTGWFFRKFAPGNYPAL 

(SEQ ID NO:892) + 

27.4ughsp70 


3 


3±3 


4±3 


46 ±8 


39 ±2 


2ug 

NLLRLTGWFFRKSIINFEKL (SEQ 
IDNO:881) + 
10 ug 

NLLRLTGWFFRKIAYFYPEL (SEQ 
IDNO:913) + 

10 Ug 

NLLRLTGWFFRKFAPGNYPAL 
(SEQ ID NO:892) + 41 ug hsp70 


1 


5±2 


149 ± 19 


61 ±5 


60 ±7 
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The immunogenicity 
mice. 



of tandem hybrid antigens complexed with hs P 70 was studied in B6 



S200-72-01 



Number of Spots per 300,000 cells 



Immunogen 



Medium Unpulsed 
control I control 



SIINFEKL I RGYVYQGL 

(SEQID (SEQID 
NO:868) I NO:879) 



5.6 ug hsp70 + 

3 ug NLLRLTGWFFRKSIINFEKL (SEQ ID NO:881) 



11.2ug hsp70 + 
5.9 U g NLLRLTGWFFRKRGYVYQGL (SEQ ID NO.901) 



i 0.67 ± 
0.33 ±0.41 0 41 



_ s . 0.33 ± 
0.33 ±0.41 Q 41 



11.2ug hsp70 + 

3 ug NLLRLTGWFFRKSIINFEKL (SEQ ID NO:88 1) + 
5.9 ug NLLRLTGWFFRKRGYVYQGL (SEQ ID NO.901) 



0.67 ±0.82 1.7 ±0.41 



43 ±9.2 



1±0.71 



182 ± 11 



5.6 ug hsp70 + 

4.8 ug NLLRLTGWFFRKSUNFEKLFFRKRGYVYQGL 
(SEQ ID NO:902) 



0±0 



4 ±1.4 



456 ± 19 



11.2 jig hsp70 + 

9.6 ug NLLRLTGWFFRKSIINFEKLFFRKRGYVYQGL 
(SEQ ID NO:902) 



0±0 



10 ±3.3 



"2l4"ughsp70+ | 0.67 ±0.82 | 1.7 ±0.41 

19.2 ug NLLRLT G WFFRKS IINFEKLFFRKRG Y V Y QGL 
(SEQ ID NO:902) 



5.6ughsp70 + | 0.33 ±0.41 | 2.3 ±0.41 

4.8 ug NLLRLTGWFFRKRGYVYQGLFFRKSIINFEKL 
(SEQ ID NO:903) 



505 ±57 



289 ±26 



11.2ug hsp70 + 

9.6 ug NIXRLTGWFFRKRGYVYQGLFFRKSIINFEKL 
(SEQ ID NO:903) 
22.4 ug hsp70 + 

19.3 ug NLLRLTGWFFRKRGYVYQGLFFRKSIINFEKL 
(SEQ ID NO:903) 



2±0 2.3 ±1.5 



0.67 ±0.41 4.0 ±2.1 



72 ±9.5 



370 ± 16 



336 ±7.8 



1±0 



102 ± 16 



113 ± 10 



113 ± 1.1 



90 ±11 



130 ±12 



98 ±9.2 



617 ±23 



728 ± 12 
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The ptesen, invention is not to be nmiteri in scope by the specific embodtments desarb 
Jn. urdeed, various modifications of the invention in addition to those descnbe herem 
wi « become apparent to those sained in dte art from the foregoing descripnon and the 
accompanying fignres. Snch modifications are intended to fa., within me scope of the 
appended claims. 

Various publications are cited herein, the contents of which are incorporated herein by 
reference in their entireties. 
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